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:jj5LqjJI CjLsud^ ( js , cLojJLo 


ij p^jui jjj (jjjjJzj Lid AauuJL Lluoj ja) 4j) VIa JaLIujj V LaL^ J*ij IjIa 

lJj^u (illlC' Jaju (jjj CjLiujLujVI (jL*j ilia^-d |j| tiUl (jLj .1^ J&la jaV) Aa^JI JjixJl ujW^Sf AauaJb 

j ^LaII) jjiiUj ;LaA j jA£i2l3 *<1 * (jaaL-Lj l!Ua> £)) f LaLJI jil .Uaj-uu 3^1 oj^J ja^I ^Laa 

.^uvi 



Aij*A lluj Ua£J j c^IaLj jj A-a^d VjIala La f L1ja£ja la^a taLc* jAj ^La ill jj^ frill 1 -U^ uij *j <jaa 
, 4 aIjJI CjVIa A,j u/a»,ll CjVL^JI <jLjuj AL-uja jaSi^l ^ja AjLjjL j£d ^C-I.IjVI jA^iUb 


IJa^ U^Luoj AilaVt L_ij-Ja (jl 


&jj^iUl <ja ^jaaSajL]! (jaaU cijxL (Pinball) -II AajlL Vila laj^Lj uij^A 

a Jbd^ PfjA ^d Jjl^J Ladle- 


IdA <jld JaaJIaj ,A,jLILa 11 CjIjJLaIIj ^L*/ajj SjSJl jlLLi A£jjj c ilail ^Jl c-Aa^ui lajjLa l^j (Pinball) -11 4 a*J ( 1)1 

,^ttae. J^(dj AjslIII ILaL j UjI Jaaa UaSaaj c^Ic-Vl ^lj <j!jLjj L11aa& j ^^aaaJI LLjl ddd> j jA 
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Focused Mode 



6<j4x 4| tg-uaau £)* AjjjS flijjlt Alfalfa* 11 Lj|Auo4l ^l^ill j A,i4l 
J*4 uj j j4$i4l £)* SjLjl* AJijjfa Jlaj ^141 jLuJl j*^Vl jLujj^Ij 
ljLuu^ j| ^jJVI J&4I Jj* ilksLA f bJjj jj JlX'VI J4a Afaj<un f Luil La) 
Sj£A!l £jaj S j£5j AjjI a A-LuufalC j) jb4l 

Ajjj <^4l AJLuxaJ! ji d tc* a\\ ^Icr IjJli qj£j 1,^, n% clib^^lL 
AfaLuajj 4 j4j^Lj iJu£ jfajj a Jj£ ASjju dul Jojjjj <^41j 

^ <^uuaj Ig-^j ^CjAUI <^JUjj 4| £j^W j^jfaJi 

,4-^J <-ijJ*-* J^jia 


dife jSij |J) ^)£Jj cJ jS l^j jSi j SajA^ Jjjfa jl jlSii ^J) Igl^ Ajjj <^4l d K,*r. A tt dul£ |j) jjba <j4j 

a Sj£i]| 44 qj! jl uL£ ua jju ^ 4jli JJa Sj£4l 
?SA$AaJl djiill dJA 4 jj ua. ij-uj uL£ £P! 

La liAj 4ijjSij ALjfa jjju (jl SAjA^JI SjSill 44 ^1) J-uaj ^y£j 
l^uaxjj CjIAlaaII ASLuaJI <jl uL£ jfajl >L5 ^IAjV 1 jj£i4l A4 aj 
( ji <Jj 3 Sju£ ASLuua jJsSjj Ajjau J^4a4 SjSAJI iS jjj£ (jfa*4l 
uLi jj^ frill AJajjfall d^A cCj1a*a41 <ja A^,4 tgijfa <jfa ijjju 
S ju4l Sjj-u4l uaSljjj AA4 au j AjlLja Sjfaj AiLuL4) ^1\ jfa4 
Vj cSAjA^ Jjjfaj j-4j SajA^ Aju/iP JsjIjj 4i^4j . fL iLu^U 

^a jl La A,Ka!u4 Jai J^j £y* Jxij clu£ La£ S^uu j£jj ^)j 4ILaj 
4iaij (jj 4I£-4 j ^)£Jj cLa 4 JLui 4 Ai^4l Ja^ali4l ^J) Jj-ua jl\ 
, Jjjj ^4) JaJl ^) Aj^-UI jJl (j-4 Ajli4l 

q^4j Vj j! A*t\ jj£i4l La) S^lj Ajx4aj <jl 4ILaj CjjI ^jVI c-jLua^Vl fLaic> ^ ^J) 

Ajx4aj ^j^Luuj 4 jj£j a IA^Ij j V) <jl Lll£,4j V A-La*Jl .jj Aj^I ja^\ j £j\ ^ (jJJJ*-JaijSt ^AkloL ^)j 

^jj4Akluoj jji (jjulllj (j^axj (ji l4o£ lJjxj ci ijuj A414I fIJ^VI ^ a( jj^Vi Ajx4aijlj ^I.^VuJ ^4 LlxLu A, ij«,4 

a Sj^jL4 fLuij J*il ^C'lijVI Ajx4aj 


Diffuse Mode 



lu^dsjJI (J^jbtoJI (j£- cLo.liLo 

LuLj ^Iaoj (jj 1 4j AjI jA 14j£& 14 l^jlaju SjJ4 Lajj \\ iU4 1 j 4^Vu*n V Ai£Jj AJjIA CjLjlL a j Aj 4 4ftg> 
SA4J8L4 CjLjIa4l dJA a j4adl jLuu 41^ 43LLU4 Aj^lk £ja j4|j c^Ix4l A-ai4 (y&\ La^J 44aau ^)! jA UdiA ,^jj 3^ 

a AJJLuail 4j4) (JJ-UJjLft-ftJlj yJ-4jL4i! CjIJU 4& ^J4 SijkLaj C^j3l 4| ^J4i4| ^i&J LjL^pVi ^ Sl4JJL 4 LjL^jI 

a ^jl*Jlj CjL4aLj2L j^aSfl ( jiu j! Luaj^A c4^alxj ^^4 SAjA^ lj!j1^4j lljJa A^j ufljui IJ4J^ jl UAL 4 clu£ f lj4M 


2 











j££j Scbjj clLlo^l JoISj ciSj^pLuboj ^Lul! ClijjSij 4J&jjla jjJu ^ic- Cllac-LoA ^11 cic£a jjSaII liA 

Cllj ,^lu. Cllilj l^-A^jj ^y£j 4,n».A J|ja S4oilk CILaj <ji jSjjaII ^ cP^ c^bla 4illkA AJLjlaj fLuiSn ^ 
jaIujj cipuu a lJhL^I 3^! J-^lj j5$l lg-A^ij ^y£J lgo£ j^iVu jj 1 ^-aIxj Jjjj SjIa £$l ^1^ I^JLlLjj jlSiSfl 

^ Col£ f 1 jjai jtSfiVI &CA <ja ufl j-uj j a J-uafll Sjj^aj ^Sxjj ^£J a^ajL^j dl jjJaxj ljVL^aII 4it£ ^ SJjLuuI 

,4* aWII ^ fjlxllj CabJab jl I (JojjJj Clu£ jj AjjjIoII 4-uujAa1| 

Jlpjl a Sfli£j ^laull 4oL£ AijsuJ CjbuVI L>* JjJxlb SjokVI Cj) jiuill ^ LaS "Vja V" ^laullj ^jlxll j£ja ^ <^pJ 
jib jl£flV! &CA ^p ja&Jl <j| Jpj ui ij-uj . j\u^ij jaVI J tut^/3 jaI ^jl£ 4allx3j AJaboJU I-LA 4 £jLaa 1 4jhjla 

Sjjj -4 i^jj vj ig^iatuuj 

Cjjjjj jSjj <^£l aCj-lp lijJa Luajj i AajSj ui ij-uj a fbbVI dAA cijau Clli Collla La-lls* CLaAj Co&C^ Clll i &aj£j ui j^a 
cAoIaxII j 4,hujjti fL aVI j tA jfiij Chip J^uuj Iaa ^jba ija j£j 4 -ajjjII jlSiVl j t jj£I Cil£c> ^5 4 aijIjlaII 

|JA .351 j Aalc-lLi ^iull tjlt' IjJld jj£j uiijp j tuiupbill ^ic- CfateLutAl Ajaouull ^jU^aill <jla*j iilUAj 

dl] ^pjjj t*L til t jjAaII I 1a (jA Jjjj La j£ J^Vi ui ij^uu .llbjj liljLp j J-ua^l iiLalu Jxp ^lj ^ jjAaII 

U'iaa L4i3La 


:u^Ijj1JI 3 uJololUI jj&uJI u^J>b (oIjaLujI 


4 j) Ua 4ol| jlalj J^J AHj^aII jjSilalI ^Jjla Ija^Iuu! ^jjill ^jj^ulaII ^paLL^iVI ^1 Lijauj IL LA 

c)JA 1I J^l 6^ 4-afl JJXJ (jil\ (JM jlJU J^lj ^jjaILj^aII (^a\1a jl) ^L Jjjliluu 


a *< a* jaiilll ^5 AjuIj Ljla ^^lu4j ^1L (jl£ ."jjL" jJL^ll 4 jI jjp ja Ua dljj ^1 I£ajj c JjaJoII A^Ia^j lJijjsla ^jl£ 
f^5 iaijLua ^L IjiLa AjLpj ^j-uijj ^uijSlI ^1& ^jjluu ^jl£ .AjuIjII j A^^jlaII AaILj^aII CjIaj-ujj1| L11j ^uij ^p 
tVal^ ^uj 4 aI (jjiluoj cJ aSSj <jiajVI 4aljjj 4^LLa dJj LLjaj ^jl£j cILiLuj ju^joj 4aS j£ij ^jl£ La 
^a AaC'IJjVI ^jjlall CjVL^jI ^Ay\ <ji laaUaII £&jl\ ^2j c^LIaII 4jj JaSjluu^ dJj (jA ^LIaII JaLuu Lajj 

.dJjAaJl jliiVl ^UL ^ykAllI ja£iall ^Jl Jijju cAJSC' jlSiSfl dJA 



?CjLwaLjl| jj ^ ,jklL ^Isuj jaVI <jl£ |jj IjIa j ^)U5 Jpl ^p S±p A^jjlall dJA Lajj JjSj Coll ^jVI 
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.JpUaVl ^Jl (jA i^lj (jAaj! jA U 

p^jjJajA jo £jj jJu jIuia ^dJl Alfrau j£ijj o-b <ji Sj£ LL-u^jj jlu^a ^-ujj£J 1 clM 4J) 

Sjji^Jl jt£sVt LllL laSjlujj c^U j-4 La JIa AlaSjj] dJj ^j-a Sj£] 1 JajLmjj ^LlS jiiu t JJa ^j-a AaIp 1 j£j-a ^jl£ 

.^Ja^lll jjiiUi l^.jfc A ajjuI 



'gf^-jj^-i-ll ^j-^l ^1 A^L^j tATte (jli -La UuL^a ^jl£ (j) A^aLk- Lu-uu ^Iuj LaAj^ LLi «1 ALuo]1 

(j^l] ^jaJ) tjfelu JlSftt jij AijJaj (jdU^Uj oi Jj^aluta V *Jl .JlSSSfl (JIa j-aS?I .IAa^ ^]au]| ^ic- tiljg>luuui IdAj 
^ylu ^_y£j ^jj j£ ^L]2 ljjJjj oi CojI ALjiaJl d^j <jju] j-aV 1 t^jJl liA ^ J-aju AijlaJl JjS 

U^jjJj ^ujjj j£ ^LlS c-jjHj ^jl l_l^j Hu/iS VLuajj ^^-Lu ;^LuI] AauaJb j-aVI l-i£Aj UajjJj (^&lua& 

.JjliJl jA iJA .^jj j£ jjfLfrLll fi*il aj (jl JLusjVI tiUi Ajj&L 



\(j\ LLaIsu La] (jrfTiAVttj 

,Jo^J) ^iull Uj^Luuj A]1aVI* 
,4iUlA Jjjlaj o^].j >l^J! ^iuil UjI^Lujj LaA^1£j ^s-l-liVlj ill LaA frill <jjjLj]a* 

, JjdaJl f ( j-ut]l ^ij ja£iHl ALjL jjJu ^Jl w^llfe (jV j <-ij-uu ^Isu* 
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?? (oJLs-JiJI 3 _ib Lo 


j»lA jda£ Alls Il2 ^uidl AIL £)* CjIja SjJuxj ja£I AiUa Lll^luij Aidj 1 .36 <JJ^ <j! ,£cdl ^iijau UjC- A 

.^Ka 4j.u^c> b^Lk AJJdd L12 jLLaj tillLaij LIjIaLjla j£ .^Jlxll lAlbu jl£VI jl^dl AjI _Ia^ 


CjIjI^aJI LHj ^Ixoj ^d uujAdl ^j-d CjIjIui Alb jaVI (3^J ^lldabjJ) ^xHj jl ^ujJadJl l-jl1j <^d UJj&& ^Adlud £pd 

jLusjVI Jld UJ u j Iglxi <^1 fLuiVI (ji Ijdau (ji SLdid tgdl jjld lid JdaSl jjjjj-ddI Sj^_d j 

jjlajj U 1 jlC' eldjAP Ja& AlL£ £)£ Ludi lJjxj V ldl ^da jj |AAj .li^ SaSxa fbdi ^A ldl ^jdlj L5 -ula]|j j^dlj 
lAA AijXA ^Hd V <jdj e^j^Ul Ji*Jl ^ CjA^j jjladl lAA ^la j tdAAxdl JiLuudl UA^Ud] 

, jjidJlj dialjdlj Sj£)aJ|j jdidl CjUlag' jjjj AjI IjiuuSI <^1 j^Ul JSdl Ij-uujA ^All <jjAI 2) fldC'.^jdau 



La ^ic- jjSj cijxd) ijk UjA&Lud ^sdl jjj-^aj Add ^ic- aIajC-VI Uj\g> Id e^cdl CjLIaP ^j-d IjJu^ If ^ju 
^ jjdudl Ajddl ^ .^laII jjj^d jtg^ aAj^j fldl QaU j LLIj <b5 SHu 4J (jl Add cdL <jjUJI Ad £cd AJajjl aAA .CAAaj 
.AJajljldl AladuVI CjIa JjIaUdl <jld (j\ ^3VI ,£cdl t ddid id ^j-d Sjj-ua ^-Lddl Ajdull j ^jldJl ^d Sjj^a 
Joduj ^| ^jJalldJl Jldj fldjjll ^jjalddil a ^dl Ajjsla Adkld Jldj JLuuSfl ( ^-Ldj]| JaSaddl ^ua jj LdSj 

cliliji Jaduj ^jdl ( jlalld]) Jldj AdUjjdl ^jLlldl .fldjluiVI Cjlfijj ^j-d£jj eLd ^ (jLuJVI jid Ldd^ 

jj^idl Aalc- ^Jlkj Ld^ JjSfl Jjduj-dl ( jA Adjudl dJA j .Ajdalj^VI ^xladl Adjul Aalc> ^jUaj Ld Ula LdA j efldjlu^VI 
AJILd f ( v 5 -d ^ jj£ jdl A^dAdlud ^dl ^C'IAjVI jj£idl Ldl ef jA£j A^ljid A^didlud ^dl ^JaAiil 

4JU ^2 ja£l Ajadu Alidad I ^ jdVI JpaUd! .^ould Jad ^2 AaIjJI ^jjalld IJ \j^ ja jjjsu Idld Add j Uavjjdu 

j-udl aHj ui ij-uj j A,4^,4J Slji^ Coau Ajad L^JI tJaLudl AJLjla l^J jduai CjI^ja^va ^Jl I^.a uaiVi Ui^aij ^021 
(jjdj Ij.u^aC' Vl^l (jjd ^jjoIa AlliC' ^ Aa .jj .l^iillaj AijXAj ^dl A^ljll AJI^j A^ualdl J^alldl ^u^Vil Cu2j2| 

.SjdlJt 


Ijja£ jJuj ^12 fl*d! AdjJa Ldl e^Ixdl ^Jjjla Aju/a«.ti CjVL^jVI ajS Jajda ^jdu JS*J| ^jdaj Jj^*aj Aj| ,^Vi«, i U£ L<uA2 
jaIuojj M ^Uajj jIjaIujL Jjjj ^1" Aj^jaI nJ Aj u^axll CjVUdVI S^)j cijau ^pd2 <jV! Ldl a ^dl AjLua) c^u.W |jj VI 

, JS*JI ^ yl d Asu Ia£A 
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t jIjaIuAj 1^-umuj A-A-tuflxJ) C5 j^xJ| <iLLuu]| fjAjJl Jpatia £la1\ jjJ jjla uflLuu£! £-a 

(jA £j2 Sjj^a dJA VALjia CjIjIuJ CjLjjLlaJIj Sj£liJI Jaibkj uL£ JJjSxj jii]| Jjjj |JAj - w ^^j j^Jsj 

£jil]| £)-a f jUJj iil]3 jA ^j-u^axi! tiLLuuij a ^j^l AoLk l>a A-LtuQg' CjIjLuiI JjVu*n A-a-tuflC' Aolk 

4-j-Luaxil CjI£jLuu2I £)-* jjJI Jjuj ^LlUI Jju JLuiVI <jij c^kH^ JjS \jj*aa ^jiUl 1 ^ ■ JT 

iiLLuuil jJaS b Aju)j AjLjL diA Hi. cA^Jl dUljo^Jl £la jlajj CojI B <jiajjVl (joiljj l^l jLuu ^Illj dj^ia 

20 ^<ua Sjjlui jLSj AjjULa ^jjSja £)a 



Sj2 ljjjSj jaa£j SjSj ^Ixoil AjUc> .lie- £ia]| ^ cLidd ^oil CjIjJuII Aij*-A l, n^g>Luj jjj^alti JjjJa 

£1aj ^ jUJ l_oA Jj CojI cAJ jL& -jh j) ^,jj]| Jj£ AoI£ Qduij dtuJ Hj) ^LajAVI JJJJ La j a ^jijdaJl t_sijduj jj^jatl 

iil]j tiSjjj ^jjI^jVI jC'UiJl jjjuaLuu ,di2 ij^ujjj£j-a ^a Aalc- J*/aVi jS ^jJl <j-a du±^lll )JAj cAj laLlmjj 

AIHLa^I CjLaLajAVIJ jtlaVI AJLdj j£jjj]| ^jUl AjaAI (j& 11 c1u£La 11 AjIjj VLd J£2 lil 

AoAAl JjVI ^ uijxjj ci ij-uj .A^dalJJ A-a jQ&a I^Jxaj U^jIjIa \±^\j IaouJ ^,jall jlda ^£> (jLudj^J Aj-ajoJ)j 

JJaSj JSaJl ^jjL L-fla£ iiLuoij JLuuIuj Ai^l^ .J^uuj Cj^S^maI] j ^iu]j AjUc> Jxa ^ ^La,jj A-laAIj j^UI 

djiij ^ a-a^aJ) jjjiJi A-it Aaduj www.brainfacts.org ja ^lu^i ^ 

j ^Ssull Ao^Hj 
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* 111 I I | f'i'l ^ 



© 

Unhappy 

feeling 


( 2 ) 

Feel happy 
(temporarily) 


You funnel attention 
onto a more pleasant task 


(JdOX J Aj lid J j£ 
LlSf uLj-ul]| j-d j£UidJl 
U J-aju dl£ )1 

J-dXJ v ill ^J-JU li$i 

aC £j^l fUu&l cH jl&Jl 


^j-ll (Jji UJl <jkau £lij 
^4 jj£j LJBJ^tuui! AlluLd 

lit a ^A jji 

^-IC' jlli iikj3U L^^tui 


bid] cuLj-ua]| AIUla 
< jkauj A-IHlaII Ajjj 
LdUC' .l^bJU-dj JjLuui^II 


^ui fUuiSn j^ii 

LlAbHI JjjaI Jjjjk (jC- ^,jLdll ja£illl llj l ilVV AJLjk 111* q \1 11 c^c-ll ^JSfl Jjklld lib £)l5 l£j 

B j-dlujj Vj Uuj-uj Jjjj A^ljll ^Jau jjauill <jt£ AjaI V f 45 ^ J-d£* l-Lu baAlc- llll Ilu£) f blab) £>11j a jll f<^11 
jj£I jll Ld LlAbU! ll lit cjVi V dll j Jfill j A^ljl) ^Au Ijjaui Ail dll Vjl ceij-ud LdAiC' Ld lit j 

a lik> IAjluj 111 AajHIj till A^ullb Aubla. 


AJLui j LkjC-1 ol ^ji A-uail diSjll ^ (j£jj ikv (-ijj-uaJl <j£- ^l£b ci ij-uj 

jZujmmj)J* Ajauul jj CjC'jj^I jjjJ ij-d jj ^u-1 JjUldJl ^j SjJLua A jlac, 

c^jaLdJal] AlUajVI A-aK!| ^A jjjJjj A«aK .1980 cPljl ^ 

(j\ jA Aiati lljfo Ld j£ a ^kLdklt Sj-aj Ajuaj JjjjI j jJLua J|J£ SjUc- ^Aj 

(jduUJl ^iaaud cj£jj IkkUj <jl <jLaj La j£ J^lauj AAafiJ 25 AJajdaj 
JaJj LdllP iiluuij ^il£j (jl jA jolVI tAJhfiJ 25 (jl jJfllud 

AjVj^J-ui AjlLb j| Sj^SII ^j-d ^jl^k jl ljjijHVI ^iuSJ ^j-d Alik ;A a!| 

.Alik ^Hdluub djjS jj jjjau Sjjlll ^Jaaul JAajj jl 

a A^Ijll ja Sjk ilb cAukaii) A^uabjil AJLu 2 u ujJj Alkj 25 LIjU AJlii jjjJ j-djJ| Aijjk (jl Aaluu 

a lA jj£i2j IgJSp daijji daljlui jJuCr dab AjSLk <ji uL£ uijatlui A-dJlill Sj-a]| ^ji JjIa 




IOLo^JLsLoJI CJLUJJ uJ^- J^LuJU t-JUjJdUl 

cSjJuIjl!I (jk dbl£ Ulk' lit A^aJAa^ jl IjjjL Sjjj£ill ^A dlt 

SblaLd A£ld du£ l^lilj j Ajjdll uflj^Jlj CjUIjo^JI ijVi dill 

Jljk ^ jlxl \j dabdabjJb Vj J-a^-jj JaI^jj dill a dablabjJl dj£j 

SjHuuI <jVI 1^11 <—ujiil ^)-d .Ajjjlll j AjJlJC'Vlj AajIIIVI A_ujja 1I dal jIuj 

a A M uiAi^Jl 
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*LujI jd2 Aj^jIo2| (jh AjjLuux 2| A^jdJl (jk ^AjLddl £> A * Sdlj dull 

j-yuP Adatu2l ^jk dull LadC« ^A ddj a gtSA2l SjIjjJ £jU 2| AJL12I A^jua AJL12I 
a Ajjd Ald 2 dul£ Lade- Id A^.nuj A j u^C> ;tAj^£ ^ 

Jju Laic- 26 Lfc j-a£ LaAic- Ll2 A*uiAa£j| A-uj)jJ ^ did j£2 

l^j^Laj <j-a ddJl udj d£ Id Luuua j-aSfl <jt£ Aj|d2l lAjjduixJ) *LaAk2l 

.Ifia Jf^i fUuiVI (j>^ijj (JJjQ 


Aj-ujjj A^djla J-a*j (j\ ji Ajjjk Sjl^j db ji dj£3 

aC *>l S j*a fkH2 A-ujjd2l ^Jl Jjsu cgjjaJl jikj < jA dd cAdLSij^2l 
,1^-aLal jlid Sdd lj!jjI did jj^VI j j^J L ^-5jj uijJU did Lad£ 


LaiU cL^jj dLli dUA j ldd£, jHjI ^k <^jjd2 I uJaAll Aida ^ IfrLjxj 
dd a '\j*j2l id JjtSl ^JlxJl j^I (jl\ uAJ! £j\ £jl£> (jib 11 \\ JjSj La 
jiuaJl d^j 56 SjtA ajJ Aid*]) £jld JjjliJ jdiC- dj Ajjj-ua 
a Ada^La d-a-uuj ^Lj2l SJjjj cAf'Luj/^S 06 ^2 jj ^bj2l A^jxaj 


fLuiVI (jkau ^-2 Sjxala L)J^ (ji ^ dpUaluil ^21 AJLj2a2lj 6 ^j2x 2I jj dLtdbj2l Sjj-a-a ^2 tgJI ^-a2| 
AS2x1a 2| dVl^2l (j\ (jjSklxj |3U2 c^uU2l L^-ik- J^ydj oi O^-aj ^H2l uiiliaj2l j£ dULu ^2) Ujlaj !j! ,2 jJual\ £dilj 

?jj£I Ldj ijtku Uldl ^j2*Jl ji dUdaLjJL 


A-du La {jl\ jx uu ^S- J-J- L_iJ ufljj^2l 6J11 a£ ijiu Uiki |jj U2I ^jiaLAj tA jluIsj Ujj^. j2j Ajadj^a l^Jj jSjju 
(Jma 2 .Adaua ^U-a ^2) jodj <b 5 H2| dLa^UJl (j^aau L2UA qmA cL12j Jla dliA (jou2 dUdbj2l JjLuj-a ^ ^)£Jj a djd2) ^^A j 
a dJij^-a Iali2l IgJ) jd] ^jxaj cAJjjLa A^aiC' j) Ajdabj ^JU-a ^2) jjJoj ^ jdi dLai£ j| A-aujS jl Ai^Luxa LlUA 


Start 


Synapses 


dLa2S2| dJA (jj j-aSfl J Ll2i£ l^Jj ^xj jjdJj^a oJA Jla dLai£ ^J-aSflj (jaiLa^Jlj l-^ 2| |jLa ^)SJj JjSj d Lll£jj 
J-a Uk2 La2la Aokj La ^2) jxuu jl IaIjj <j! ^JaluJ ^2 (jlj Uikljxj jJLuu <ji t Ui2alj^ ^2j jjJuj 

(ji c-l^j dj| ^du Id ,2jd A^al£ 
^^221 fUdVI ^U-a c-jjdj 
^j2x2lj dUdbj2l ^ 

A-a2xjj jdl f^ui <j£ Jxij La£ 

AJaj|j2l (>aAJJ cijS j ^ 

f UjI Ll2i^ l^xluflj ^121 Aaj-uax2l 
UA <ji .La ^2 xj 

L Auj-uax2l ;djii!2 Vila 

a Uflj2La jLuta (jjjk (jC- Ig^dxjj J^jj 



/d 


Axon 


Neuron 


Dendrite 


O O 
O O O 
O O 

o o • o 

:o^)s • 

o o © o ♦ 
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jbiVI alt (j\j jlSiVI &AA lajjj ^y£J ^ AjaAI ju£VI fb-u&l <^A dJj^dl p-Lib^l 


La] Sjj^ dlt .l^.jk c-jjJjj LA»ik d]i£ Qj£lm JSSM ^-k jt cAdbl^j Ajj3 ^jjIIuj Aju/iirll JajljjJl ^jli SJja-a Ifrdajj 




© © © © © 
ooo 
ooooooo 
ooooo© 
o o o o o 
o o o o o 
oooooooooo 


^LLa AJLuia J^j ^jl£ A-ajLla ^ju l-Lu LAAk ;Ak ^]5 uj 

JaUj lit J1 a cil^ AJjjlus J l^J Aj.w ag> AJsjIj l^Jli 

^J-A AJLuI-a]) J^J LaJjC'J tUA A J^J^Ja]) A-A-UUjJ) bAld! 

O^'dl Ja£jj )ja JIa Aju^tll AJajj j]| ^jSj djl£ J^Jl ^]) jlaUl 
t jkl j£ jSlij djii O 4 AJLula]| dak' jjJflj balk j Sjj-»-a]| 
Aj&LlLa JjLuj-a J^ ^ lid balkj cJaJt ^]) jlallj ^jjXi d£k ^ 
lajjUJI .JluiSfl £>£!d! JflUj lit JIa ^_lu2j AJaj|j]| (j\l l^j 
djli Ibbu j£|Jj jj ^Ixjj O' Jjjj La.lk .CjLajLla]| dmjj ^k iC-LuaJ 
djj£jj jk jSSfl ^ jl A^l j3l O 4 SjjS lib fj A^k J£jj Vjl 
ixAJ jd (jj£j dlt *Lkjlutfl CjUa^J b CjIImJ3 La f^ui ^]j 
L^jj£jJ ( ^ 5 a]| CjLaij]jla]| (J k> IIajila J-axj Au^jS jdiHl 

Oj^ CjLaj]*^]| .f JaJI liA ^ij 0'j O' OiC-Luaj ^1 

djb lit Jxij o' Id t.uVi o' O* 4 ^' O 4 j o^' 0^^' Jl* 


^Laj£ Oj^ f45-b j£ tAjjk ^ CjLai^ 1 *-a]| O^ Oj^Ld 


,<ij3Lua djUujLujj O^J d]Sp 


^Ajdl jj£jdl O A ^-L*-a Cjldjj ^k J^umJI ^k diC'Luu |J£2 jjjJj^Ajdl ^^Vu*tl uLj^uJl AJLuLa Oj d o^ ll 

.Ajju^all Jl j-a]| ^ L^AiULuiJ ^a]| 4jj^irll Jajj jj]| d]j jka ^k dJC'Lyuj ^llj 

£ 

:djSliJI ^I^jI 0 ^ ^LoJ^o 


^gk f 1 j^j JiaJ Ujli JjjAM^La Ci^SijL a i^l j£ilj j| Aj-uj j j ji AojIxujI A^aI£ ^jluJ jj 4jji]a]| O 4 Iki j£llj LAik 
J^ jl p j^sj-a ^ Uj&Luu] (jiaxjj La^Jsjj] jlSfiVI (jku jiij LAAk La I .^Xa]| <Lj]a dj£lll AJ^Iula LjC-LaJ 

dj£lll ^]j (j JjaJI Ajjjla Sj£llt O A J^VI o^xj JUS o' cH UjI ^-ualj]| O^J .^JabuJl dj£lll LLSli AJLula 

0^ UIujIjJ ^ Lu£jj Sj£lll ^j ^k UJC'Luuj ll^ Sjjj£ ^Jjla dUA .QUlSad ij-a La^- 2 ll cL^j jiij ^£J 4jaba]| 

.AJaboJl Sj£lllj t ^J-a]| <Lj]a Sj£ll!l ^Qj^LujVI q& jl!l Q^k lJjxj ^1u]| 


J>") c^LaV' (J^il] AjIaII Sjjliil S 4 ,j-a ^A j t^Jl^Jl CjS ^]| Aj jSij LaC- Aj^L uxa]| dj£lill ( jA AJa-uuil Sj^lll 

O’A cr^ ^La^i 0 ^^' o^j *4^ -^'jj <1 $' U£j (prefrontal cortex) 

0J^2 l^JI Ij^j-a Ij1ul1£I ^j£]j CjLa jkdl 0^ J^ 7 Oj^ Qj^*j I J^S Ojkldl .^Aa]| AJjjL 3j£ldt ^MVuaI 
.Aak ^gk Laa jj£I j±u AjablSl Sj£lll d]1 JH£ Sjj-ua ^ CjLa^ kdl O^J^ J^-aj JSslSI .ljLaij1la]| 0^ Ju£ 4 
cAJabI]| Sj£lll ^ Jlaj ^ |jjj£ Ajai^ Jjjj La j£ jIj£j ^Jl A^lvj Cjjli dAf^Jb Cbud l^b£Jj La ^ ^]j Sjjjudl AjjIj 
J^IaVI A,jbg» (J^laaI V ll^ ^lA jlj£dl .Aajla£ ^dalub 0^*** 0^4^ JJ^ O' O^ 4 ^' U-^ bbli JIj-a£j 
04 j.^vaII C4Ubi]| Aikj 0^ P(_ 5 -b ^1 J-Iaj djjjg> J]»j j cCjbj£dl d^A — A iuaa AjxaaL AjIaP ^Aj — JjidJlj 
AJjjL Sj^lll LaI .Aa2l£ jk Aolk Sjjjua jajju AJaulI]| Sj^lll O' LISjC- 0^-^ bblj AJaOj]! djj£ll A^lAll 

SJj^j-a ^Aa]| AJjjL Sj£ldl 0^ ^1 jj) .^LaII 0-a Sjaa£ CjIaLuu-a Js* ^Jj-a O^J^ ^^j1uu-a£ jjus u ^Aa]| 

lo^j Ajli ^ Aa]| Aijjla dj£lll ^ AjaJb]| Sj£lll 0^ ^La^Ixa O^J^ LaAIp djj CjjjjI CjL^jVI .^c-aJI ^k Sj^lia J^LLa 
j-wbjj lla. A a!^ ^AaJI Ajjjia Sj£lll 0^ lAj£lij O' ^L^ji]| djd 0 J$4 cr* O 4 J^' ' 4 ^'j3 O' 

Ujj£j O' V! C4Laj]3La]| j£ j£Jaj O' O 4 ‘J^VI lAA^I J%AJ O' O^ 44 ^' O 4 .CjLajIlaJI O 4 O^^M 

.Cj)ja I^aaIjjj 
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b A-a1*j Ajjj La ^ 1 j a.vVurti Aj-ujLujVI t-ulLuiVlj cutajiLAll AjS (jj^J (jI£a!| ^A ^1a 1| ALjJa SjSlill 

tibia ^AaII ALjL Sj£!ill ^a AJjJaj Jjjj du£ |j| ( jSA j AaWTi ^£J Aixublt SjSlill ^Vu*n tibia JjA^ f^ui AaIjj La-bc* 

(jl Jjjj La jl j£j (j£ SjW^ 45 A .JC'blbl jlj£all Ajbjia ^Aau-uul A1 £-ula 1| tilb .t-uj-bllj cba^ll ^J) AaIaj 

CjL^jVI tl£jli ^L/ij SJ^bla ^Ll jlj£all a ^bl d^& dAal AJLuia Ja Ajhjb jl Aj uVl A-al£ Jla CjLajLlaII (j-a Aj fifriVi 

lAjl j£j (j-a J-uafll S^lj Alb ^ Sj-a 20 ^jl j£j JjjjIs £fi* tillfe CjLajIlaII L)1 ^4J» ^ CjjjjI 

h W^W (jj£j (jla Ufl^j t**na.u 6 U ^alllt cba^ll tiljH ^1 )j] cujlal! (j-a lul^ fLb Jla jaVI .Sjpbla ^bj JAtll (jjaiL 

a Aj waa.ll Jajjjjll AjjSjj qjjSZI A^Vuai ^ill jA ibajll )JAj cblua 




: ( oJLsaJI (LlLolC y^i ^^JUI iuxkl 


A-aLuu Jl j-a jjL (ji ufl jxj La.b£. (JaAJjj A3 

?j|j-all tilb £)-a <j^Hlb (jl JSxil (j£-aj lJLS .tilLa 

(jiLaSjj tillSc* L^H £la tbub (jj£j LaAlc- Cj±^j |JA 
-bp LjA^j La Jla u*W a (jJJ AaLuiaII JjjjS 

d^A jjju ^Lailt JjLui (jla ^iLa ^ ja*a Ajuajj 

&jjjju ^ill ^^III (jb lil ja^uaII Ajla ^Lal^ b^J) 
laliail ASjjJalj jA cba jll Axusia qjuUII (J^xj 
(jbLLaVI (jl j ljAJj LadaC' loj! j t ijlaj till^ 

tillil 4-aLuJl Jlj^all Ja13 Aj J-a^j tiLla ^ 


, jjiiUl ^jlalub V 


Lla LUxaj V ^blS ^jlll o! AJhiaJ) ^ !!l*li^ J-a*j ^ L)^J^ C 5 ^ J^ 1 cr^ ®jb<^J ^jSj JjbLl bbj ^la 

( jia|j-ai Jab^V) c^IAuaII Jla AjauJI CjVbkll <jla*-u ^Ixla A-Ljla Cjjjjil ^Lla ^^III ^jllj tCjbl^laVI b^ui f |jj ^Jjj 
A jbC' ^ ^lA Luajj Ajj ,Aja SJ ja!\ ^ ja^aII qa ^j^alVill ^j-a j^b JSxIl ^auoj ^^III a lj ij^ll Luajjj jLuJj ajVfrll 
Cjbj£il|j CjLa i^IslaII ^aaj ^,jSj cI^-aIxjjj l£j jSij CjIjSjslaIIj jl£aVI tillSC' ^jSj ^^III fbjj a Sj£lill A^jSj j ^Lull 
l^aixjj OS Jj^ cr&\ t-JSLuai jlj£b ^jSj JSxll £j\l tiLafbul LuaJ ,1 ^aUaj ^^aII jl£aVI AjaAI JaSfl 

(jl Jjjj La ^a ^aj Cj^lLtlAll J^ ^jlll <j! ^ualjll (j-a a l^jjSja ji£)j jj£I Ajj</nlt Cj)jLaaII IjjIa 

^L^sbj 


Au-Luaxil Jajjjjlj ^1^ £la!) (j^axj J&Lujj AJla ^a! 1 ^aLaVl (j^ill (ji (^jl! j£j-a Aa^j LaAlc> 

^bill Vjl tiLk' l-l^j jAfcl) jjL ^jjj (jl J^ .bub La-lip A-aIxjj bu A</iKll Cj^lS-tAAll J^J A^aj^Ul 

Laj (j\ a Aj (jl Sjjj£ A-uaja tiLil (jla dj^ib-a Aj j£ALuil La Au AJ^La ^ru*t jl ^Ului tlu£ )j| ^Ua\\\ jj£i2lb 
a ^Il! cba j (jl^. (jVI J . jSAil! AJ^UI ^b£ j A-LujLala CjIajIlaII JxaJ Al^ui AijJa ctiLil ^ilj AujlLaj J j jj A-ujjJj 
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:J 3 1)I JLuaaJI j^xitLo 

£ja Op j 2|j]| <j2 ,AJLula]| Jouaj ^SJ CjIJIa-aII j AilaVI LLai^luul UI£J 1^ ,VQ* a ^ j-uaJl JS*Jj ^)j £)-a jJL 
Aj*J 1 u.lVurtt J2j Jjittltj A *t\ jjiiUl UiHal liA J*l <j-a j (jLuJVI »Lf jjiiU! 

<ilijldl Jxaj <^lj Cj)a^a2I Ljjj AL12 CjIaLaa Aj^J ^jj£j ^Ja^alll jjiiUl t<^jfjl]| jx* jjjiJI JliU£ (pinbclll) 

jh\ \a\\ ,jj<frtt ^4 jj£! JjjJa] A-^jiJl Ajlaaua j-uj ji £jj£j Hl-L^aHl <juj HHHjHli Ul f<r 2 Lai cSj£j -4 

lit jULa£ tUudj^ 1^2 jxj ^yUl fLuiVI JjLuj^II jjiiUl jAj <j-aLaVI <j^aiJl ^2 aJj^j-a w L A *tl jjiiHi ^ ^Ujj-uu-aJ! 
A2jjsua lijJa ^i^Luuj HLii ^j^l A-al£ AjHj A-ai£ <jf n ^j-a jl lj j-ua AJLui-a Jau ^jSIuj j lji j^ualt Anl^af <_i jxj clu£ 
Hl2jl VI J-axj V j^i&Ul (^a £^S1| life .^jf'lJaVI ^iVu*n <iLt2 SAJLui-a clu£ lil Lai <L5 ja-ai]| jjiiUl £ya 

SjJuLua ^I^jVI jAalil ^1 Aj ^ill JjjjIaJl t ibiu£b Ij^al2 ^ujUJl ja J& £jjP±xa1\ ^jjjSi^l t f LkjluiVI 

jl AlLuba lluaijl i^J Lailf b ^joI] flULuaVI jl ^La^IujVI jl ^j-uLbl AjH Ijtjjh pjlSl ilL ^Vi<un UI£Jj .Af- j UUJ 

Jx^a] iLl2 £^l jjj <ji ici2j^aJl SjLuLua Uj£j Lajjj AJI Ja^J) ja Ajli A-^ajjJl 1 nlj^ La fV La^I& 

jjSiUl ix4j ^ ^f'lj^Ul (jj£2Lu< jj£I A.j.wag' JsjIjj <jli AijJall cCjSjJI (j^axj IkLj LUjSc- jSluu jj-aVI 


cl^ uLj^uilll AiLuua L-alsuil )j] Liaji la5j ±vL A,j # u/a«,ti Jxj) jjll q^jSa ij U^j i^L Aju/axti CjLLaxJl <j) 

jIj£j 3| (jjjla .A-^l^l (jA JjlS I^jujj jj£jj]| ^ AJla2J 25 IJJJ^J- 4 AAjjia ^ ualxll] J^-ujVI AijlaJlj 

LjIC' j^iaij^all ^2 IA^ (jLalfc A-ujjLa-aJlj j|j£*j| c 9>(jaa ^iau ^lll Aju/axti Jxj) jjll ^ jIj (jl UILoj A-ujjLa-aJlj 

d^A L)-a CjLj£iJl ialuaj (jl <j£^ua]} qa l Ajauuit Sj£lUl LjLL1£ ^jjI _^iuJl AjUc> lll^ A-alfc Sj£liJl .SJj^aJI 
Ajujoj (joiixJl ^^1 ALjia Sj£liJl .Sjji Ajl^g» Sjjj-ui jjjxj ( j^ 2 dlii] U]^2 1^1/nl UjjSj |j| lx\s> ja^a!\ 

qa J^liJl ^jl\ ^tU^j lA \<\j LaJaC' A^l^jluul tiSjgrUalujL <jl2 La UjJm |JU^ CjjjSj CLuijLa |j|j ijluu-a 

AjujL j-aSfl (jV i^lj ^jj ^2 Ijjj£ lfej|j£L iiillC' ^2 CjLa i^IslaJI Sj^2 CLuul uLLai^iuaJl ( ^£j Ajl^Ij-a]| 

Jil\ JS*J| ^a ^,jAuJl i, ijfenj ^klit AjIaC' ^jll\ A-laAI U2jju LLajI a i^lj ^jj ^ Sjjj£ JUjI ^2jj Cj^Uaxil flL 

Jla A^jLuLI AL1]| ^ ^al2 ^jU clulj ljxaa f^uL ^Li]| jl ^)LLLaVI ^1 LjlfciJl cj iVn L)l <■ J>J .L-^jj UJ^ 

^lu2L Ijjj£ Uxlaluu) a ^Lu]| tiSjj^2j djj£|j li^ ^j 2 j-al *LuaLj]| A-ujjLa-a a ^j-a-uu ^2j jjSiUl Ajjl^a 

,Hal ja£l AHU2I Jj-uaill ufl ij-uu djj ^jAl jj c J^i]| |JA ^ 
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IcLoJJLoJI 


<jjj£j 4aia£ ui. ij-uj ,4Jj^ajj l^oll Jj^taijll tilliS- ^okluoj CjIa jlaLAll qa AlaijLuxa uajLaa c Ja£Jl (jC- uiii^alou lift 

<j£ J^IaSl flil ^Icr Jj£]| tih&Luuj uh£j cl^-aS tite-lijjj SjIaII tiLa^S ^j,uiVil l^AhVunI t-*li^aj uaa£j tjI£J) 
^J&jj tiLi ilils-Li till£p ^ft jj 4Jt*i jji SjSlia Jjjla ^iVutn Lai^ Cji^j lift ,^iu]| ^ SfliSJl ^Ift ji ££ Luajj daiViuti 
CjL^jVI ^1 JjjJall £p> tiljj^iuuj 4 a 1C'IS JsSfl Jjjlall tillj JjUjj ua^uj ,JaSs tills j £jaJsj jft AIslIj La j£ 1 4 nj Uj-ui 

(jl jJaluuj jillj t"ij|jll fJjull" ^ Jj ^ tiji^oj ui ij-uj IjaII j a tiljj£|jA ^S tiljJ&LutAl J^IaSl jLuu JaxIui I^jI 

4jhjlaj tilj^Aj tillSj iilLdUj <ji JaI^aII JA till] C-U^ 4 a1aJ jLu£ JjLaC'l (j£jJ tJjAJU tilllC' CiLa jl*A (JdUJXJ 

.tiljj£lia ^ 4 a£J ujIc-jaj t j KLj jillj /'JaIJaII" JjjjJa LIjj£IJa CaSj Jxaa <jl t-*li^ai .^IxaII 4Jt*i 


T cdjiU I ijnA Lo 

?4Jl£ll ^ft Ia .J1>a 11 djC- t jj^ u *< Lift 

,11ft AIaIIaaII 4 ^fc»S <^S jLaJl jft La£ t^-ualj jj£ jJjauj IaIa^U c JjJ^ ^j^.Aa ^1] jlaH LaJlc- 



Si^jll .^ajlaII J^jjia Ifruaxj £a CiLa jIxa 4 julaj £ja^a ^ic- tili&Luuj ^III AaISslSI Sjiill jft Jj£ll £)jj£j 

jjJ Ia ^j££a 1 1 b&S , 4 *a 1 juj IaI jj£VI djj^ll 4 jj£j| j-uaj J^-uuj La£ tj£ill) 4 - 1 ^-uj 4 jl£j| Jxaj dij^ll AjjaJaiall 

(jj^SS 1 ^jAUaIIj ^jflAll lift Jajj jj uL£ jj Jaxualb Lji^j ^ill Ia ^S ^IC' tili^Luuj V AaS fl^ ^ill ^jLiutll ^S jj 4 a££ 
^Jailb 1 ^jj£jj tiljip LuiA] 4 j^^Sfl 4 ^jl 4 j^^Sfl ^ 2 aS uflljJal jjj t-^ljl Jjj (j\ i^jj V 4 jj Ja^V .I^.aWTi ^III 

4 flU i jaII f j^ll <ji til^A j^Jaj 4JaJUll Sj£tiH 4 jujVI CjIViaII till! jj uBj£j 4jailll Sj£lill £f> lllLuu Ijji^j ill 

.(Prefrontal cortex) ( 45 ^') cr^^i o^iii aj^ii Sj^iiiij <Jj*j ^iiij aj^bA tiiutij LSskA 
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lj! Vi h\\ (illj Af'jjj Li jaj jj£jj]| kjjh^j .iajjk^Sf Aubu <il13 tLa LIaLjjI j£jj LaJjC' 

Jjhl u c *i S Jj^j-a jj£j (j\ <jLaj CjLajLlaJ) kj|jj J-aC- ^SjJp Lu^a] Sjjj*k!l ±£* aU/i<\\\ Sj£I^I2 AjujVI 
J^aj LIaLojI jj£jj jjiiUt Ajjlusj Aajjj-uuxJl kj|jj]| <■ aIaxa j^Vl liA 4j£ij ,1^4 ^ 4.41 aa.a 

dj&luuj La Lkj| c_JULll jA ,fkk.jll jjSAaII Ajauk j ^a f ja jA <jkauj jlSfiVI <jkau kjj] £LaJ| j-a f Ij^l 

<jjj£j SjjlSl (jIjSS IJjj ^jj£jj jb I jjjIa jj£j Laij^ AjI ^LajA^U jjIaJI £y* a AJ j£ j^j£j ^ f -ik! 

.tLU jl cIjjjIa cULLaC* <jj£j La.IjC' ^uiui JLiu J^axJI £jkluu V A £)' jJjj l-l^J B kj|jjJl diA 



ciijjaJ! IkL jj LIaLaj .^hVujVl ji ^jslaJI Jjjjk jC- l^.Jaa.u AJij^ua ja AjjLa ijlsua f Ij^i <^A JjSJI jl£ cljL-^VI ^kJ LLtla 
a kijLuxa Lika] SjjjS A^Luuja jJ jjijjj»a£ lJIa Jjj^j£ ."J-aI” A-aI£ t j£Jj]| Aifrm A»a ij^-La Ajj£ ^2 ^.'VaJjj "J" t ,, ^ M ("I" 
,\h* a\) kLutlil jA cl^uaau £a ^&Ujj jj lLaIxj ^jJI ljL^C'SM j- 4 J^-aj^jj jA S^l jJI M Jjai M Jl Ajj£ f Ijj (jA&i La 

^jALLa j| 4jl£2l cLjljLuaHL J^Ixjj jklLlk CjjIS f Ij-uu .t^kaa-u LL A.^lAll Akka^i! SJj^aJI jklj£Jt Jj£ J-uaj ^ 

m (j&l \j cljJVI ^ijkJj j-a jjj£J Ajsl^j^I JIaj 
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.(jduiUJl Jja Ijtjjh (JJ&jum AljIauiVI cAojIxujVI Cj.^Vn $j-uii Joujj liuuU ^Lila du£ )j| a AulxuiVl Jjjj t£lj| JHI2 
<il]£p ^ Aiblxll ^.uj ijHi Ajla)! A.j1qp Ailx 1x4 J 43 Uj ^LUaPl jj,tiali a lg.jlp |jj "UU" JjUs /'UU 11 JjSj dliJlj 
ljIj ^jxl CjI 4</i n J-JoIIj AJ ja cSj£li!l A a*si\ ^ Axa^Ul AaIx. 1) alb ,t i Wh/ilt Axjj "UU" Aj^Jl <jjj 

tAxlJ AjjjLaJI 4,111 jji&ill Ajxuajj jljSSJl £)A-uajj Aa£jl A-uujIa 4 ^iaj cAxUl ^alxj g-«l jj JJaSl <jl a Sj£li]| ^ Alua 
JsLajVIj ljLaISJI (jJAuaj jA ufli^Jl a AxU (jjoluaVl ^^ixl^l £4 ^^pIaVI jjI&UI Ajxuajl AjLaaJI Jj-lxHl £4 ^IjjJL 

a ^VI ^IxL Jx&j L&£ S A .1x 11 1 j £lAlj Ajjxj Cj-lxHl £jlaluu ( ^£l AaujLujVI 




Axon 


Dendrite 


Start 

r 


Synapses 


A.jlip Aljifi .^aAlLJl ^ja Jj£ ^ AjajJISVI jAualjA^I Aljaxll ujLuuSV CjIjIaxJ) ^Jjl ^.Ixl £j\l i^uaTu La£ 

t(j^jJl c^SjjajaJI tA-uabjIl ^Ip Luxl Aju^tll JjlJl ^j^Aa <jl ,^-jlaJI JjjjL ^p Aijil^l ALajLlaJI f Ijxl .lx jj 

jiij <jl £jlaluu <iAxj 1x4 JpUxVI ^Jp CjJIjP) ^1\ llLuapSH ^ja ALuiu ^lu AJj£J| a( jLujjVI d Axj £jj ^j£aj I 4 j£j 
^Jp tihpLuL cSj£liJl AjjS Al 4 </ij 1 jSjaJI jljSlaJlj ^-ujjLu^I a SfliSj Aij^uuj I 4 ^Up ^ Jjj jl SjlS 

U&aP j Ip 1 Ail jj£I ^PJ ^Jl 4 i.^.j Cjlj^xil J£j t £)j ^j£aj Sjj* asi\\ JjIII iSjJaxi Sjlax ^-Lu SjjxU ^Jjjlall ,Jj£ 
^u/iil Aa]| ^Uxj I 4 j£ (jjiA JjS (jijSll jlj£o]|j A-ujjbuxil cllxV ^jlui Ia£ jxi j-lxjj .SjLaII dJlxl jjSI tlixj^j LaI£ 
jl cU j^A 4 tSj££ LjaSp a jj£i SfliSj J^xJI ^Ip ^ilx4 jpLujj Ja£Jl (jjjSj ^lil SjIaJI ^ IpA 4 l.Aj'ix Ij^x 

Jj4 iCy i£j lAbj cAJj£J1 cA-xujLujVI djlill ^Ip t*il</i^ .dfI jj AAidill Jj^al^lll j£ jSial Axlx duJ CojU cLa ^LaP 
SjSxa]) A^ljill <illjj| JAA4II ^j4 All! C(J4 J^Ia]| ^JjjLui cjLa aJxujoj Sjld ^ j£ij iald CojI a ^Lu^a]| ^joj^IaII fIJ jjI 
,AHSJ| Ajjj£ <jP Cliixjj cij-uu c^JUil ^ a jl£iSfl (j4 AJxlulJI AUlSl f Ijj AlolSJl AjxuuVI 

:1-<Uji^ o$Sj tJu5 



UA iilx4 AjUPbU u/a«.ll J 4444 II c jUuxil ^1 p Aj xua AoIpI uijP ^Ixjj clu£ jjj 

Attuuj (jl J-44 Xa 1| ^)4 cAalpVI ^AuiIuu AjIaJ) ,14 IPJJ SjXl£ AJj£ J-UXJ uiJ-UU 

a jUnxiL iilLu^VI Ajjj£ J 44 f LluiI UAL 4 clu£ UJ A^ualx l^Sjau jA j La Luoxdi 

^UxIuj .Cjljl^i!J ^Lualj^all ^Iax4 ^ AjLuuj AjJlxj Jjjj ^ill Jaxlil AjIa 
^ lUlj (SjAua Aju/aP Jj£ ^-luAU ^jIpVI l>* SjJLua f Ijxj ljUuIujI SjUJI ^ 
^JalLdJl ufljP Ajjj£ ^Ixjj <ji J44X411 <j4 t^La a jj£l Jj£ HxV J-uxaluu 

^Jl 1^4^ ^ll^4J C^JaULlJl dlj L4Pjlujj I 4 APJ t^bl Sjxl jUuxi! ^Ip AjALAJ 4 il 
.AoIpV! ufljP ^ilaluu ^jx UxjjJj AiLualj tlfllalu A ^jxl jJalLa 
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t-j&jluu CojI uiJjaJl jl fSk1\ jj AluJ! Sj££ tAJabj ^Lu AJIa ^ 
Aju^ ^a£ jj£jj cl^aLbj <^1 CjIjI^aJI ja Ac-jjja flj^l Aaajj 
jJalujj b SJ4jua jj£I ^la£ ^ouflj] la^jjJj LgJajj Jju bu£ ^Jaluu SjJLua 
ja j^AjU IjlAu jjSIj jj£) AajIj JISj $jjj£J! Jj£J| SH Jajjj <jl UL^V 
Sj£ jLuja ^ JoLuaJ Jj^j j <-i) j^jV Jai Jj£ tAia^J ^ LgJlSr Hal 

.dAlaj! ^ AaJI£ ^ 



<jbj*Jl Aj) ,4-uasuj jLja]| 4L& jj j£id ^Ubj V cAf^ J£db A_uj jjLdl dL ^A JjSJI JdaSl j) 

,Sa^I j Aio£ /_yi Jxill JjJjj CjLSj^JIj d.Vta.d) jlSiVl jdaj ^ Aj&jjbJl 

.A-ujjbuxlj ^4 jjjSJI (jA*rth qxaj^La Aa^J j Sjju j J^hL Sa^I j AaK Jj£ cAjIAj]! .AjLllI ^xlsj ^ IJA j jj j! 

.SjjAaJl 4JL11I jdSfl JjSJIj SAbt-dl Sjjx^JI Jj£J| ja JjJaJj laid Sjjill qaj^slu IfrJaxjj Ja^ Jajj 

^JLaj SjUJI ^ylaju jl*Jl jj Cjbdabjll Jta*A sAjA^ SjIa ^Luj IaAj& .0^131 jaAj jbdajj ^jiblj cbbdabjil ^Isu 
diC'LuoXuj |i3 .JjSj ^jjla Ja^ ddC' jjfb cSja J Ji AJLuua AaAa£ ^ IAjj IaAjC- AjI ^J) £^jj I^A .tg-bj AliujS? 
La <j£j t^bbal S 4 IJ^.JA Jjt-v a\\ Jlddl Jj^fllij ^aiaxA .dudii l^ijC' Aj jI^a Jj 5 AdiV ^IaLaVI^ .JjS^aJI JIjaIL IAjj jl 
CjIauJI Ajjj djjg>LuL4 Cj) jbAtt did ^j£aj ^A Ajj^JL Cj| jkiJl jj IJIa] ^JU <jj AIsUajj djlc> 

(jlz djJp tuiA] ^jlabij Ljbdabjil ^jk A tjU A \\ JjLuuaJI ^UVu jI ja uAjILaJ! j A^l .AJLuuaJ) A^Ij£ JjAaaj cAauujj]| 
^LjljJaaJ) AiuaJj (JaJj I^jjaj Sjlal Aa^^Lua f Ijj laj-uJI AjIjJI jj£jj 2) J^ubl ja Aj! ^ cJ j£ j^j£j 

L^ 11 jj C Jjb. c_JlS V Uj! djbj^l ^ j-ua Ia2 .^JIj]! f Ij^VI <ji SjjaaJl dA^j ^jSj jl l_l^j IjIaS ;^jxaj 

.Ajjba AJLuua gZ ^C'lj^Ul "jajj Ia Jxdl 


Exercise 1.5 The red wave shown in Fig. El.5 is given by v — 5cos4 Kx (V). What expression is applicable to (a) the 
blue wave and (b) the green wave? 


v (volts) 



Solution: At x = O. all three waves start at their peak value of 5 V. Also. A = 0.5 m for all three waves. Hence, they share 

the general form 


t> 


= Ae~ ax c 


27T.V 


= 5e ^ cos47T.tr 


(V). 


For the red wave, a = O. 
For the blue wave. 


3.52 = 5e~° 5ot -► a =0.7 Np/m. 


For the green wave. 


1.01 = 5e“° 5a —► a = 3.2 Np/m. 


17 




LujSj tAjajj^Jl IAJJ& La] AjjjI jISaJ IjSLaa <^j£j Ia.!^ ^SjJp Uaa] Jjjjla Ajajjx ^MVu*it Jja 4J) 

<iL jj uij-uj c^JU]| ,<ilUA Jj-uajH Jjjla jLxj! ( jl^> IjJlS ^o^Iuj djj La£ j Jj^jJI IjJlS ^tA*\ .lyimi 

4jj£ AaIxaII Cjjjls^il 


Madison Milwaukee 

«V - JS 

Rockford 


) 


.Pf^i ncu) Park 


T oronto ' 

Mississauga# © ^ ' 

a . \ Rochester 

London- Hirnm^M I 


iJE: 



A. 


^^Trois-Srweres', 

. Ttiadord 


N«w 

Hampshire 


X - 

Maine 

y^BaMM . ■» 


Oetrgp 

~ 7 k >„ 0 Chicago " j * nn * rt *!'( 

n^.iiw © To '^ 1oVn ^—<Wland 


Massachusetts OBoston 

i^ rgK« 

. Connecticut • .. i- v,, 


•"o" Pittsburgh 


Pennsylvania Alt ^, J 


Illinois rh *y*t" Indiana 


Dawon- 


:2-<ULji^ jijSj t_iu5> 

»jLa J JjSJI (JjjSj ,»jjc (jc ^Uls i MijatJ! ,j-a £j2 <j£ ,4jj£ <j jjSj f Ijj <LiwiLwiV) CjtjlaaJt liLjj i-Ajmi Ua 

b Ajj|jI£]| jj fL jajSJI ^Jja ^ujUil 



■ [jI]t|!jL??Jl^[^jlg|[|i]^L?JjL^[£jll?J[^]L^[^ 

• £]ll£]fiiiSE£]gml«fiifflHra 


.jjjjjIj&Ia (jxifajl] (ji j jlui iilo£jj .AjkluuaJl ljIS jaJt £)a jj£I AaJSxSl jLSi^U Jj£JI <jjj£j ^j-b ^ jj£I Jjasuj ci j-uj UA 

.UA S-IAa Ijliii .him tUluA jl Ijfigr Uaui ^JjUJ lLu£ f Ij-ui Jj) 

|j| ,AJj£ l^JLuaj Jjjj ljIajIjlaJ! £±i£la1\ jjfc ^IaUoj! jj£jj AJsLajj ^A Jj£JI jjj£j ^jVl SjJaail 

■iVurt djj ^jxj ctiLjvujl^ JjLujj jj AaIc- AjL^VI j! tiliilA j££j cjiki jj cAoil^Jl IjSja tiljliJj jl£ 

.Aij£ SjLaJ) J-Jaj ASji^Jl ^2 j£jj V jV cAij£ <jjj£j ^ jjSj Ajjjl^ 

SjaaIIa Jxilb S Jja CjIjUaaj \us* jj j S JjA^ Aju/aCr CjIjUaa j^j£jj ^ jSj duj c^jAx f^ui ^iu \±u IaJjC> 
Vjxaaa l^iaxj jl£ jj) dfli^j Jj-uaijlt ^jlaluaj V -jjjxjII UJjI |jj— dlL j JaVl ^ja AaH^a CjI^Uaa ^ 

.AJaUJ) djj£|j ^ Sjj.W a 11 CjI Vi^l) (j^axj Jj^luu jjxj jlSiL 
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dj&£ ^£3 f I j-uj l^_La o! Jj^ tr^\ Aj-uuLujVI SjSiJ! ^ Jj£J! 4jUc> ^ SjkaJl 

I-Lla]) ljIjuIuuI jj c4-^ ^ AiLtaii 4 -ujjLujV! 4.1uall Ajjj jl t^jUail ufllj^JVl Jla 

a 4^uaLjil JjLulJI qa <jjjla jA ja jj (jiajxU 



jtSfiVl cJjuluul ^JlS-ab ,4.j3uJa Sjj^j Ao^jLujVI jlSfiVl ji Sjiiil uL2 jj cj^UaJl £jlaluu 

IjLq uiLuuSI ^ jljJVl J^Luj w k A *ti jjfLfoil Ij^a^ Ij! 
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^■Jaluu AlaLui AjluiIj lj! a*si\ ^jSj Aj] a A,Ial£il Sj£li2t CA j (iluiLaj J&Luuj ^^2) ^ji2l j^kl Jla ^i2j 

a ^ jV lj! a</ij kl jj2| 



v^ij V CjI£ lit AH£ Ja£ djtlab Ja 


,1^a2ajj SjLaiL J^jj ji Jajjjj (j2 S-ijli AH£ ^ilUlt LgJSij t^ju 

£j2aluu AJj£ Sjjj*<a2tj ^ jj&j V cJLLa2| Jjouj AJLuja Ajfo J j^a <jl ^ju £)l ^LgJl tlk U2b JB j Lai 

ljUjIujI ^Jalujj <il2lB l-uuJ| l-l^J b AjjIj2| CjIjjaJL Sj-a JjV La ^£B S jJb hi V V a J^V CjB,ij AJ I^jI^ Jlujj 

La-llc* Ai-)lB jjC' jJjlm AJj2B S joBj ULI ^IaIju Jaj t$j2) j2a!2| ixj ^aJ tjJ ^)£J cJ^i2| ^ ^2 jla 2| Lall^ Sj£B 

a( jlVu^U Jlixluj^U jjB j2| <jjaj 



(a3 


o o 


o 
o 

oot 


Cn? 


o o 


o 
o 

0O* 


o o 

• o 

© o 
o° 
© o 



jLuVj ljL& 2| Jp&l cAHaI^I Jlj-aJlj ^^k2lj CjUJabjil 
ci ijjjj tlfrla^B djj <j2aj ^121 AJLujjJI ^Jaluj du£ La |j| iiLuoij 
^JjVI Sj-a2l 0) ui a Ak ja 2| ok ^ iiLalsu A^j^-u 4j-a ^jjj 

,iiluiiL Aj ^jBj La^jC' <^A Jxiib LuJu I^jB ^j2| 


-lV A-aujj ^2) jhUl k&B (CjVL^a 2I (j-a jjjSJI <jLluj j-aVI 
h^B ^LaluuVIJ tc&uuiL lg-Aujjj ol fcjhlub <il2i ^jsu V (j^lVuiVI 
a( jLSjit kali! <jjiL IgjUxJ SjjVJI tiSjku (jl AjuC-I 

^Uil ^jjaluuj iilij ^-Ixj V cA-a^-i j jt f^-util ^jj tiliV ka£ 

Aj u/a«.lt CjljLuxAil J^LuaJ (^iil jA tiLaiL Aj ^Lj£2t ,Aj 

,hiB AjL^JI SjL^VI ii .jj ^jil 
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Luajl (jSA j uL£ Aijaca Ja£2 <jju] £j]aluu t JjLluJI ljLuIuuI <^fe Ju£Jl ^ AaJU]| Sjhv.1) 

lAUjua jj£ j AJ&ixla JjLuujJ A-uijLaaI|j jl j£U| AJLulaJ) £)-a AjjjII ^iau ,1 j a^Vu/i ^j-a 

AJKJI £&j &1 iiljC'Luuj life ,1 j a^Vu/i V ^J±a Luajj <j£J j AlKJl ^Vu/i ^La Ja£2 ^al <ji £jK1uu 

.jKSH Sjj^l ^ SjjAaJl 

)j| j uiL (j-saliUl CjIjvjIIjIuiVI j j£Liux]| CjIjJ| Jjj-lLua Sbl <iLi] <jj£j (jl <j£-aj ; j^l jjjjlL 

.IjjK l^Jli tl^ai^luU ^la ^Ixj 

^)£JJ AU-uuLala Jai2 Cj-uul IgJi (j a Jail Aiu^lall A-u-uaxJl CjUxuail J^ujjjj dli&Luoj 4-ujjLa-all <j! cAjI^UI ^2 

„AiK^-a CjIjLuu £>a l^oil Jj-ua^1) J^-ujj Luajj 

.(jjfetaJI da.laj JLjjVI £)-*J JiuibU £4 jaU) life ^ La£ 


Context 


Context 



Bottom up 
learning 
( chunking) 



Bottom up 
learning 
( chunking) 


Context 


*tm 


Bottom up 
learning 
( chunking ) 



Top down 
learning 
(big picture) 


Bottom up 
learning 
( chunking ) 


^Jaluu Ljoatj AiKJl AjjSjj ftL dj^Luij <jl ^j£-aj j|j£j]( A-uujLa-a Jiuij JKJI AulaS- dUfe 

^Sfl dH -AlalSJl Sjj^aJI (j-a— J-alSJl jj)</a11l AjlaC> qa P^j Luajj dUfe .l^Jl La-ilc- Ajij^uuj L^J) Jj-uaj]) 

.SjLaJ) S-iL^V Jj-uajll ijULlaxil UK .AJlLa £JLj j A-aiuj ^iJl La Ajjjj dlS ^-a-uU cJiuubU 

^hVu*<V iilaKj (jJuiajj <jl ^)Laj Jj£J| cUfe ^j-ua jj! 2 b JiuuV ^ic«lj Jiuil ^j-a ^iuJl ^ylila^ ^llLa jfe ^jUuJl 

.tfe jji AijjJaJl dAfe ^^kluaj ^la ^Iaj ^jju ^jUuJI . JjLuu-aII 3^ cj ^ A, n»,a Aj&jjJa 


jj^]j Ajuj^jj SjKj ftiJjj tAjj£|la ^ IaU <jl Jjl2 ljU£ ^ La 3^ jj-uaH ^LuaHL ^Ulll 

.^jiajaJl (jaiij ^ijj IA-alala Sj^Wal ^LaluuVI .SjaKJl Sjj-ual] Ajjj tiLIaju <jl ^)Laj cAouujjJI ^jUxilj 
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^ jj La£ tl^uaxjj uL£ <LgJj£j ^^ilt Jj£J| ^uaj £fcjj 4ij*_4 tih&Luuj <jj AJomjVI j-a ^IjjVI diA 

fk*H A-ujjLuuVI ^jjLLaJI ^yA dJA £)j£Z Sjtxll *Vji A-iujLujSfl iat&jll ji ^jAlixlj ^Iju b SjLua1| ^gk ^Jxjll Sjj-^ UA 
0!j 4*11 4 xjI ttilij ^Tu Lajjj .AolAJ iuljx jl &Jjix c^JLj ^uij ccjU£ J^il 4uajjxJl ialilll jj tAixll 

B 4i4t£Jl Sjjj^l) 4 jjj IjJlS jj£Luu ctiSjij£lia 4 jL^j ^ 4 j^V^i (j-4 dJjiLJl jJalll <jjaxj <ilUA <jl£ 





Sjtx^U Jj-ua ji I ^ic- djJ^Luu-J 4 uujIaa]|j cA-iujLujVI Sjlill ^-2 cdbUjVl jj^jjj J^aSj jj£j Ja£ 1| fUj cdUj£j Ia Jj^Vil 
^ j^LaII jj£V 1 ^Ixl! jjIaldJl ^ Igjuiajj 4Jj£ 4 j-ujLujVI CjljJaxll ^A diA .AJaIS!) Sjjj^ll JjLujj Ajjjj 

iilUA <j£J j .4 a1xjj 

£ 

:6£La^LJI ^L&^I 

SfliSJl ^lAjlj t^lxjluiVi AoaA! jyjJaJj tiLaiu aAac. j] AxuiLaSM jl^VI <j^axj ^Axjj uiUA 

UaxSH l_iI£jjI 4-4j3j cSjJLuail CjIjLuxV)j c^laull 

ajl 1(Jm£jjIS (JjLlz, i(j* ill! ^JlC' ^j£j Ijfl dJlpj ^A Sjjaua j) ljU£ <ja SjIa ^Jxj 4JjIxaJ Jjjlall j^-uul ^ ^! a' 

.^IxjIujVI ^Aj lAx Aja-Luuj AJLjJa ja jjj£j AaJlxi Jflj AJLjlaJl d^A jl 

qjSjjIS i*ivj .jjII L^jIjS ^1 SjIaII £>a A^txjluul i-*1i^aj (jill I 4 ^ jj jl Jjl^j IJjxj jlajj AjaLuuj cSjIaI] tSljf IjS Jxj 

.AaiUi! jjIxuJl ^gk l^Jajxluxluj 4 JL 4 jj 4jjj ^ijlxil 41x4 ^k jjm! 

• Recall 


Sj£!A4 IjJIpI p ,4jjxjlaluu CjL4jix4ll jj£I ^Ixjluil ^Jjjia Aj-uujLuj j^aj Sj£)A4j c_j^Ua ^12 

Sj^ AxuiLujVI j^iS 4ljlx4 ^Jjjla Sj4 4 pIxj1ui)j 
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Retrieval Practice Produces More 
Learning than Elaborative Studying 
with Concept Mapping 

Jeffrey D. Karpicke* and Janell R. Blunt 

Educators rely heavily on learning activities that encourage elaborative studying, whereas 
activities that require students to practice retrieving and reconstructing knowledge are used less 
frequently. Here, we show that practicing retrieval produces greater gains in meaningful learning 
than elaborative studying with concept mapping. The advantage of retrieval practice generalized 
across texts identical to those commonly found in science education. The advantage of retrieval 
practice was observed with test questions that assessed comprehension and required students to 
make inferences. The advantage of retrieval practice occurred even when the criterial test involved 
creating concept maps. Our findings support the theory that retrieval practice enhances learning by 
retrieval-specific mechanisms rather than by elaborative study processes. Retrieval practice is an 
effective tool to promote conceptual learning about science. 

Karpicke, J. D., & Blunt, J. R. (2011). Retrieval practice produces more learning than elaborative studying with concept mapping. 

Science, 331(6018), 772-775. doi: 10.1126/science.1199327 


j ^LujjIaa Jja-a j AolajJl SjSill qm kl AjI ji gjllill 

qa <^1 AalAiJl JailjaJl jl cCjIja o-aU! SfIjS Laj IjlaJ AJLjIa ULaC- 

.SjSIAaIL AIIslaJI Jl jaJI ^ JajljjJl £)l O^ 3 


Concept Maps | 


represent 



tAJalA a-iA jji jLdu ^uuAjI Ijjjl&I ji ILujjj jblkl f Ij^Jaj ^lsul\ AjUc* ^ (jlaVitl 

UiC-LuaJj t JjaajlII ^SsuJl AjUc> c Jj&S' (jLajjj Jja-A ^jLuojVI JAjluuJ Ls-lIC' 

.1$jfc UjjSij Jjiu <ji Ui^4j Aal^b Aju/aP CjliUak flL ic-Luaj ^IajIujVI AjUp <ji£ . 

Ijil JIaVI <-j(JaaJ Jl j-a]| Sf Ij2 Jja-A £l Ijx2 jj <jl jj£I <jjli^L]| ^i]| 

„ ^J&LLa]| J^jI jjil ^jia .ijj AjUutl ^^uujj Ajl&ill Jail I <jl 

Aj'ynljlual AJjt\4^ IgJl .LJajj <j] c^laII ^2 AaujLuuVI Ja£ll umi Jjl2 JjSJI <joj Jaj)jj f LL JjlaJ du£ |i| 

b AjxI]| ^3a§ tiLjaJ AaiLSJ Aj-ujLuuVI ^AlL^I ^Jjuj <jl JjS £u jJa-uJl Aj*J A-a-IsIa 
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Recall! 



<iSjj£lia £&j Jx^luu Sfljill dJlf'j <jC- iliajC' cA-iujLujVI jl£&U AjTfati SjUIujVI c^IajIuu^U f j^llt 

jj£j Ajuiul Sf IjS j£ j-aj di2i^lt LaJa& ^A AJlii Sf IjS dJl&j t£u2 <j^l ,^]| S j-aJl B AJl*ij IjjSjj 

b UA A^oiajj> ^IajIuuVIj ^Isuil <j-a £IJA ^J! jlalU Aj&jjJa LlUA „ JC-L1 a]| jIjSSJI Sj£3 

Working memory 



tAlLuLa Aihjla jl cLa ^jfrLa ljIjuIujI Aaio£ ^Jju ^ IJju LaJa& .Ajauuil Sj£|j]| ^ diLiu2 £jj| JlUA clllLuu Uj£j La£ 
.Ajouail Sj£lil3 AjujSM CjIa2&3| <joj (jjWatl LLLuuIl <j-a £ji£ ^jiaij-a jA La£ .AalaxJl L^i£ AL-udll <iSjj£l J £)lS 

j^LaJl £>* Alj£ AC-liua Jja*aj B LHlg< ^ jj£I Aj ijj-a j Ajij j * am J^jj Aj jauij uiij-uu ^£>-a AH£ ^ I Jju LaJj& 

^tJVuaVtj £jjj 2| Aifuj.j ^ jl jj]L Ajj-a AJsjjJu u/a*i t^JI La£ .Ajouail S j£l j]| ^ 3 J^tj Aaj 2 j-a jj£| j-aVI ^Uaj j>3 
CjLajl*-A]| jJS qa *ij J£ AH£la]| S jLall j-a ^Jjlall JajjJu]| I JA B Lfll^ ^u/ij Ajxuull LIj j£l J j-a ^Ajla]) B S JjJ^ JsjIjj J-a*J 
,clu jjjVI Aiu^i ^j^aj J^la jJul_La Jajjj SjUs- Aaj&3| LIIj jl£ B Ajxuo3t <iSjj£liJ AaHaJI 

jl cJ^Jl JJj l_u£ £)* jjl£ Uj <jjj] j a JluuiL ^,j^-La]| SjIaIj jl AILula]) Jakj tiLabS |J^ ^^ujLuuI jA IjU] ^ij CojI j)Vl 

.A^uijJj P j-ua j-a ^ | ^2 ljUSJI 

ljjI a ALiaJl ^ JL (jj% V J^Jl (jli lj-ali IjLa] ufljC'l Ui fJu cJLuiil] Cal2 c^tla J^Jl ^Jl Iai2 dijJaj |jj 

Ai ijxj Jlj| jUjC'Ij La Sjlaj fUi| Jj^a (j\ ,Alal£il Axu^aaJl Llj jj|J ^ ^jAILa]| dJA Jajj] f ( ^-u4 ^aJ UjjJj 

dJLail SjIaI Jjjj du£ lij d Ij j£|j ALIj CjIa^Isla]! jjj l_l^j b ^Lu]| SfliSJl ^lAjj jj£I JaI jA 11^ 

,l£j p Jxa jLuu j£iUj CjUI^IaVI UuA f IjI ^JjU Jo^ jLuu 
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(jA bti jji iaifi ^ Vjj j2kj L^j-Lag- ^jj <jl l_l^j frnhVilIj J^IlaHl) <jl ^Jju LA.11& (jiAiHuu jJ j-a! iilUA 

j-uaj <ji CjJjI (Jj .diLaJ ^ *A\ Cu £>jluil till ^Ajjj djjj SjjjS CjI£ jakj ^jSj La^ <iljl& B Uuaj| <j-tlWaa Lajjj 

JS| ^ jaJflAllII jl JjHaUll o* Jj^J J-uaj Jj£ <1ujLujVI jl^Vl ^ da^jj <j! JjIa (j^Ui ^ CjU^ 

.s jiiJi ^ jsi ji sjaIj aIa^ 




v* N 




you are studying. It you just look at a solution, tor example and then tell yourseit, “Oh yeah, 1 
see why they did that,” then the solution is not really yours—you’ve done almost nothing to 
knit the concepts into your underlying neurocircuitiy. Merely glancing at a solution and 
thinking you truly know it yourself is one of the most common illusions of competence in 
^ learning. You must have information persisting in your memory if you are to master the 
material well enough to do w ell on tests and think creatively with it. 

a related vein, you may be surprised to leam that highlighting and underlining must 
be done carefully—otherwise it can be not only ineffective but also misleading. It’s as if 
making lots of motions with your hand can fool you into thinking you’ve placed the concept in 
your brain. If you do mark up the text, try to look for main ideas before making any marks, 
and try to keep your underlining or highlighting to a minimum—one sentence or less per 
paragraph. On the other hand, words o r notes in a margin that synthesize key concepts are a 
VERY good idea. 

Jett iiarpicke—the same researcher who has done such important work related to 
recall, has also done research on a related topic —illusions of competence in learning. The 
reason students like to keep rereading their notes or a textbook is that when they have the book 
(or Google!) open right in front of them, it provides the illusion that the material is also in their 
brains. But it’s not. Because it can be easier to look at the book instead of recalling, students 
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Metacognitive strategies in student learning: 
Do students practise retrieval when they study 

on their own? 


Jeffrey D. Karpicke 

Purdue University, West Lafayette, IN, USA 

Andrew C. Butler and Henry L. Roediger III 

Washington University itt St. Louis, MO, USA 


Basic research on human learning and memory has shown that practising retrieval of information (by 
testing the information) has powerful effects on learning and long-term retention. Repeated testing 
enhances learning more than repeated reading, which often confers limited benefit beyond that gained 
from the initial reading of the material. Laboratory research also su gg ests that students lack 
metacognitive awareness of the mnemonic benefits of testing. The implication is that in real-world 
educational settings students may not engage in retrieval practise to enhance learning. To investigate 
students’ real-world study behaviours, we surveyed 177 college students and asked them (1) to list 
strategics they used when studying (an open-ended, free report question) and (2) to choose whether they 
would reread or practise recall after studying a textbook chapter (a forced report question). The results 
of both questions point to the same conclusion: A majority of students repeatedly read their notes or 
textbook (despite the limited benefits of this strategy), but relatively few engage in self-testing or 
retrieval practise while studying. We propose that many students experience illusions of competence 
while studying and that these illusions have significant consequences for the strategies students select 
when they monitor and regulate their own learning 
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Lk jaLa ji ^aLaI <jj£a LaaSC' AjI jA l_iLa£J| jl ^jUs^Ia Sf )jS SjIpV c_j^UaJl £SJa l_llwJ| £)) 

iliaijCr ljUSA] jlal]j <j-a AaV jji |JA ££2 j c^JijS^ ^ IfrjLulml 22 SjLaJ! (jL jUaS-VI ^Aj 22ja |JA <jli 

^Jju ^ AjijJl 2 ja-a (ji Sj£Jj dJA a A2t*i jaP Aj&jjiaj Sj£|1a 2| JjjjL ^4-®lAjt c_£Ua2l j-a2u u tglAjluiVI 

a Jaiib I^-aIliLui JLl (jAuaj V L^a 2 CaSj 2 | qa jaa£J| tdJL& 2 l 



^lAjU iiluiij Vj ^Axjj du£ lij La^ 2£Ia2I S^Lu4-a]| JjjLlII ja£I 2^i A-aLua La ^jl£ Uj ^ ^\*uk\ jIaHI 2ju 
clu^jjl |j| a V jti La Sj&£ CaaC-jIujI l_u£ |3| La Aijs la JTiJIC'Luia JjjjL ^La AJLjlaj ^L^jIujVI AJjlL La liA a Sfti£Jl 

A-aaS flla^VI 0^2J cf-UaiVI JlL j|j£a mi Vi AJjL^a] AaU> ^ CajI IxJa a ^AiVJt ^ 2 a^ cAjxij Laa2 La lia^ 

AiLliJl til ja£5a AJLjia CjL^lual J-axj Jl2 ^auia l^JV a Sjj2ak ja£VI AaSaIaJI CaIjIaa^VI Ja 2 djJL^II JLIjIaa^I ^ 12^ 

a l2^ AajS SUI 2aa pU jIujV! (jli (jVl ^Lu La£ a JJaSl jLuu ^2 ja j ^Iuj LLuaS Uua 

Cerebral Cortex Advance Access published June 24, 2013 

Cerebral Cortex 

doi: 10.1093/cercor/bhtl58 

Testing Promotes Long-Term Learning via Stabilizing Activation Patterns in a Large Network 
of Brain Areas 


Attila Keresztes 1 , Daniel Kaiser 2 , Gyula Kovacs 1,2,3,4 and Mihaly Racsmany 1 

1 Department of Cognitive Science, Budapest University of Technology and Economics, Budapest, Hungary, institute of 
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The testing effect refers to the phenomenon that repeated retrieval 
of memories promotes better long-term retention than repeated 
study. To investigate the neural correlates of the testing effect we 
used event-related functional magnetic resonance imaging methods 
while participants performed a cued recall task. Prior to the neuroi- 


performance (Spitzer 1939; Tulving 1967; Carrier and Pashler 
1992; Roedigerand Karpicke 2006a). 

The finding that additional retrieval practice promotes 
better long-term retention and a slower forgetting rate than the 
simple restudy of the same information has been tenned the 


a l^J JLbuluii AajSj Jh&Luij (jl AaLaa Sj£|2-aL 21ajla2I JLILa ^jLk La2j£ SjLa 2I A^u/ai JSUa 

a l£a2 I^IaIju ^ JL a21 ^jI£-a2|j Ai ijaJb ^ IgJajjj Cjj) SjUJI ^ IIua ^Jxjj LaAjC' 

SjLa2| (j\ a l^ cIiaIu J!L jjP Aiji AJ La dJl& JLV aH\ LaJL luu <jj q£-aj 

AILula JIjpLuuj cjliA Jjjfi ^j-A Ijj^Ia Jiltyi aIULa CjUaj jjSilllj 

a l^A5 ^321 AijxJl ^jIaIaVI Aiji 
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!? (oJLajijU dJjiuxi lSjJI Lo 


?<ill3 tiji^j |il a! til Jj 4 j t-fl jLui Call Uoui ^Ixjj La .lie- V L$±& [jjua £)j£^ ^iull 

Ac^a^a ^1& Luajl ^ jl^j till£p B Aixb ^ jSj LaC- j tillCji^j LaC- CjLa^Ixa J-a^j 4jA a II tillj-utS 4-.Li.uaxlI L£tkl! ^Jqxa 

tiiuui cjUjixa j^i (neuromodulators) (4 -lu^ cjVj*-a) ^ tjLiiivi ajluiIj (LlLaV) A-oIaii) 

,4aLSluLAl| I^IajSj I^jjaAIj LajIj cAjjauII AaIxja 


Dopamine Pathways 


Serotonin Pathways 



Jjjj-ujVI .L^-La Aj^j oiallluu bA tl^uuaxal A-LLuaxll b^-kll AjI Vu*il ^1^ jjjj AajLaaS Cl ja ^A A-Liuaxll CjVJjlaII 

b £^j2jjo<uj 1| t^^bj^ll 


LaCaC' ^| c^aLk jLuu ^aiII jASilll AjxJ ajl Aa^-a Aj u*aC> Jaj| jj Jjjjla <j£- ^-a!| SjJujL ^)ol j£ JjIuaVI b^A 

Aju/axll CjISjLulIII AaC-I jla qa Jjjj A.j u/aC> diLLa-u JjxiL ^ijSl j AjuaIj AaLuia ^1& jaaIIj b^JLlI diA j B Si-uu l^ nb 

b( ^Xa 1| ALjla Sj£lill (jl\ AjJjaII 
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Acetylcholine, a chemical produced by acetylcholine neurons 

SjIa 4j ^SVn Ujj4Vi <ji jA JSaJl lAuu£I La iAl j^Ut tillage jjjb Luajj l^J 4ju/a«.ti 

bA 4 a*u3 ija £Ca]| £^a ^ 4,j L£IaI) £)a 4g J A ^ A Ja ,jj j t (^j^bj-lll) ^auoj 



^ jj^Skl] 4aj j ^SlilL^b ^SsulIJ _j bu3 ^£ajj jjj£ ( _ f b JI^a £)* If ja Jjaj dJA <jjAbj.i]| b^Aj 

<jja SJjajaJI fl jJsaJI Aiialbl ^ SJjajaJIj — ^laJI S^gli — (b cl Sell CjdnCjNcl) (4-j4^tSJl 4ju/a«,ti j£l j-bl) 

,4jl 2jla jjg SULSa Jj-uaaI| Hg Lj^aJI dJA £)a <jjAbjiJl J^ikL b 4aaa]| SjaaaJI cIaj £ la 1 \ 4a 3 j ^-^bji]| b^A 



Dopamine molecule 


4aj3 ( jl^>j Cjjjjjill jIajI ^ig Ibajj jjjj jaVI l4 Aj 4^1x 112 4aLHJj Sibb JjjU ^ut \j J 3 U 2 J ^]g ^jJAbjill CjIjLa! j-uuHj j 
life j b 4jjja 1( cbliubb lalB qjojJ j JjS1u4a1| (jh Cj^aj ifl clililLbl jjj Luajj 4i^lg 4J ^Aabjilt .4 auaJ| Cj^aJaII 

„ JjSIuuaII S-ioA SUI£a ^ Jjouj 4b£jj ^Vt 4alg UlSj V ^ Ia Lubu JxiH t^SjAAJ La 
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a jjU Cj.lv \ju\j Uj-ui (j\ ^Ajjj] Lllag- f .ikjj AxlL^a-A Sjj^j LLuu SjLj ^J! j Jjj Cj)j^a2| jLaJI 

LlaiCjj Sjvil tillllj) jlaj-uuj Laa jA\ a\\ { J^> jIajC-VIj JjjjJI ^J) jJjj VLaLaj (jui£xil jA CjCv La cgStjlt 

a iiL j-uaj Jl*il ljI£jjV 


LljJUujj £)l£ Laj 2 ^LajAVIj Aj£ j3l jl <(LjjJj£j|) —1 uijau Laj 2 jj£va 2) £)| jSfl ^J! jJjj &CA (jjjabjiJl b^tk (jlbai 

^aj^a) _j ufl jju Laj 2 A£jvJ) A ULjj cUluajj tAvIjll fbj| Uibuj! t ju*n ^Aljji]| L^Lk ^ JjJjiJI ( j^ail]| ,Ll]j JjS 
V! 45 A La (JJ-aLj^I L^Lk .LaLaj A£jv]| { J^> SjjSil (j\S& <^A j (bjj3bt£)Jl ^J! jJjj 1 jOa-ail AjL^J Aj ^(bjj^AjSjb 
CLii Sj£|1a A,*aW ^a ft^VI •ll^' SUILaj iiluaij Cju LaJjjlS t JjSfl A AjC- HaIsj jiJl J^UI LilSc* £)a f jv 

Mtac. A (jj-Abjiil A-aIsjI A^ 



Frontal 


Hippocampus 


N 

accumbens 


VTA 


Striatum 


Substantia 

nigra 


Ac- j-avaJ) Jjli 4 dJjill CjIC' java A .Aj^LaIvVI A^ $ jL jj jj A,j u^a.'l CjVCjlaJI <j-a CaJIj l_i£j-a c<jjjjj jjjUaII 

l_iLu£V) (. kua jj jiJlj — tilljjjjJl jllc- a( jjluu Jfil Aj.l] <jj£j Ajjj Lajjj jjjjj^jJI jjIula A^I Aji] 

JlJjl uj\ c jJalk-AJj A^ ^ijluoj Luajj ASjjj Ai!^ l^J £jaj jjjja^aJI Ajuaj b( jjj jjjja^aJI iaLbj Scbj A^ J-axj — 

Jljfll ^jjj jjj-uJI CjLjIuu Jsl < a*c. ^j)jv t_jl£jjV ^jjjjv^aaII a dJjill ^jjj jjjjjajJI Ajuaj Col^ LaI£ <iljiuJj 

a J-AJ^-bl 



Serotonin molecule 

ljLuuIjJ (jSA LlljjVl Al^iiA j&LuLail <ji ^j-JaLb! , vf\tj £j\£j c^iuJl jjj£ Jkuu jjjj j^LuuxJl .AjI^I 

— (amygdala) sijUi a s jSi^iij ^lauii i ji& jj jj j dUjjVij j^vi j-a La Jkuu J-aISjj j^LulaJi ^)j cjjjjI ajj±^ 

LJIjJVIj jC'LuLJI J-aI^J! 1^j5 ^jj j£Ija]| ^Al Ivl Jxj -JjIJl Aa^i AjJujj ^-aJI f li ^ jj Aj wag> S!jj ^A j 

2 -aJi jflL^L o'^'j (limbic system) <A^ 6^ ^ s 'j^' 

AjjjiJi tisi jj ^luoj (ji <■ jvj a Ajilat*ji juiSf) j-ijj jiji 3 i iLkjij sjSiiJi avIUaj £)LajSj (hippocampus) 

! Ji*i fkL cr^ 
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CjJji l3j .^aUII Aj^A) La^jfr V 1 *g *A\j t<Lui ijUjjjJI j a" £y» jjjijll ^2 Uajj Ajj^dJtSl CjV J xaIIj j&LmaII 

^jSj (| 31 !j brainfacts.org aj^jj ^ .ojIjjjjj— iij t^Ljjlij c^jIjS Jiuu-V! <> >si t_ij*j o' 

.tillSfr jjc. A_aU 

J? £ 

:JjdJI ojo <ujSuo 4 jux&I 


«l* 

s<? o> « ° ® 

w <? • 


Auiujlj Cj|jl£L) f Ijj <ja£j Aaiuaij S JjJ^> Jjjjlaj Jo£j| ^]c SjjUl <j! 

jl J-a V.J^a-a u3j Acliua Jljjj qm Iaa Jjj b SJjJC 

, J^lj Cj2j ^ Aj&HiLa dJjJC jlSii JjLu ^ t.jfcaij SfIj&U £jjluiVI 

dJjJ^ jlSiSf ^LuJj Jjjjla Jaxij ^A JcLuoj jJA 

.l^uaxj j-a tiLLuuIL Jju (jauj 


f .U^JjJj gyS Jj£J! JJC' fUj jA CjIj^J) LjLuuSIj ^AfijJL4 AjjSj] (JjjLuuVI ^ O-lUlt Aj ^jSj La (j! 

AjA*n ^jjxJalujj tjLLaJl Joxuj ^Jc jujIauJl f 1 .Sj&Luj SJjJ^ JlLuib <ji AajqII CJLajiLA]| 

j£ AJj3la]| ^j-4 A^jLulLa Ju£J ^jxJalujj Ll]j£ f LaLlIIj c<jjjjx1]| i£jj\\umjj*1\ .AiH^Jl £ujla-uJ) JaLaj) uWl 

,AJI^a 
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JSLIaJ! Jai dLk- Lal£ 4l^.aWn SjLdl CjjI£ Li l^J <LuujLa^a jj£| Ju£j| qa lilLni a ljijj£ Lal£ 

.^lA j^uafc Ai£J 'tiL&Iju ^IJjVI AjauI AaU^j La j£ <jju] Jj£J| £j jj£j cLjjS 4 Auu&lm La£ b JjlaJl 


dL oi < AJUSluu AJj£ laC-jIuij La.lk AJI ^J) jajj life tjUAtll B ddU^ ^JfcLLa lJjuIuuI tLajj dbe-Luuj Ju£Ji 

oi& .LaLL AilLL* Uuajj <j£J j c jLa-aJ! life ^2 iaA2 <jju] 4AuaA Ja Jjjlaj AJjLga JH£j J^jj <ji q£-aj AJj&JI 

AH£ja ^aALLaJ A^jLuLa <jl fLjjiJl I^.IaWI ^Li JjLajLI cILa b JSHS l ^luu SjSiJl 

B SjUall Jtaua cs& 



j$St balk ,uLu jj£I JLuL CjIajIslaJI Aiiujj AHilj 

IjJtS (jj& Ljj 45^1 <J3£JI c)) iSJ^ *1 (jk Ja£]| Sjjl! 

4 JjLl ia£2 CLua] B JjJa! SJajdiSfl (jj£Z La AJLjlaj . ju£! l^Lc-llua ^k 

4 -ujjjxa j Aj^Lua jj £1 ^.2 4 ja£I Ai£|J ^ju^j A,j u^axll LjIjLujaJI ^j£J j 

«• ** 

,6JAj 


ljIjLaaS Ai^ljUl JjkJlj ^JtlLaJl £)a Ajj£a dLi] ^l£ li) 

CjIjLaaJI <ja Ajj£a jl A & java U j-uju <jl <j£aj cAlliLa 

b Aju^*1| 



(jA dJav AjuSa dL.i] <jl£ )j) 4 La jaI ^-2 JjIaj ba.lk 
- JjjjJa ^jv^ll Jail J^ajail AJc*1i^aj JH£JI 
b( ^1^jV 1 jaSiail Ajsuiaj CjLuxaA ^La-uu -ILujLu2| 

J^aj ^Js* (il^Luaj C)\ Cfi*! ^l^Vl jAiHl A-juiaj 

B Sjj^ JjLua-d Jj£l jl (j/lVl^ 



Focused thinking 
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j3L a 1 4alSJl Sjj^Jl (^a If 5 Laj Ifljin 4jj£ j£ cdiA j-a^I jjSiHJ ^j^l AJijjIa 


Jjjj La! 4ul£j| Sjj-uaJl ^,jaV ljsu^VI (JA q\aa\j cAjAL Jlaj <j| £>£-aj tAjjaUll 4JH£J| dllj £4 A-ujjbuaJL |j| 

4_a1ju 



(jH. CjU&J)j £)JJ^) ^Ll^4 ^jALS 4 t<jjX4 ^^ajsua Jfl&S qjujJ i J l\>a ljjJj Cjj) t*UiM4 <Uil4 fLu JjP 
UjjSj J^LulaII AMaC* dl] J&uu j CjIjLaa Ajjj ^ lijlua .cS^aIjj La <jl£ Ul £-a Ixjj-uj JaLuj j| JV uL£ AijiLA ljjLiL 

JjS CjLajLlaJI Ji^ JfyJl <Ja l)J^ l)I ,SjSliJl <-iljial £)J-a£ AaHLaJI JaJI <jjla £)\ iVLuu 

, ( _ r SS*Jl Jl^xluiVI AjAI d^A LL.lI c)j£j uiJ il^tl CjUUIaVI jl ^uiljill J-uaiJl 4 iualiA CjUWLaI 

m A. K Lix> (J^. jl La ^)aI ^jLiflJ^Ia cilliA 


jiuJi ^ La£ (Holistic) >i ‘(Sequential) Sjk* UuUj a. foi4.1t liua Vjl 


:</*! 
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Sequential 



Holistic ("global") 

j±u jL*i\ i jl£‘ jjiiUl AjxJaj tjtiVn cj^ ^S) Uu^ SjJL-a SjJak j£ ciu^. jai&Ul 

Aj*-uajj ‘LuaLk AiH^a AjI jA-u La Jaajj <^1 jaSiaJl Aajlu ajj A-^LaJ! AjC-I^jVI Ai^jll dlft ^Jl ^LL^j AJI 

IJjju SjiSj ^jSj SjjlaJl jlSfiVI &Aft <jV i(jM^l\ J^jJa Lgjbulujt ^jj Ajju^I) ^aftlLaJlj JjLujaJI ^Jula , W ^ A *^ jj£&J| 
^Ul £l Ajjlusjj A^atiJt Jaaljj]! JaxJ AjjIjJu*J| Aj-ui AjLjJa]| <jl (JjLuS'l jaia .Aillj IaC- 

,Iaa^£ UulJ (jja] (jM>l^l\ ^Jull f$&l\ ,^JaA.lil jaSiUl AjjLuaj ^UVuab AjUsu I^Jla jftaJll ^jj <ji IfrAjjj 
Lg-alxj VJ gi- d j£|3j l aa .1^1j J^aS jj f ^ Jal 2 ^aaftlLaJlj JjLaaJI <ja jjjSJI JlUft <jl jSjju JjI JU£aj 
^ 151 f jaJl ^Icr j£j Ja£2 ..I^J^aII ij^a^uali JI^jj "SJjjluj Ail^ 11 sAj^jJI .SjLjluJI AijLua^Jl ^jjjIS jjJ ^jL Uft .Ulia^ 
L-fl ij-uu ^jIjJI ^(jli t<JJl£ Ui AalSaJl J11 u£a ^ f jfrla jl AJLaa Jjl ^Jaj Ia.JC' JljJ iaJLuu a £)l& Ul aj£|lj 
,J^-uul ^u/aj AJSJj ^aJ (jh lift j£ £| ^jau V liA ,jj£I AJj^aaj JlJLJlj _ ja£l Ajij^-uu 


*A > \9 i ii\\ . ^>^\\\ ^j^lLa 



:JL>IjuJI .(io^l>JI) Einstellung ^LjuC^lll .jJljJI l oJbaJI 

Jjaj Jljli c J£LaaJ| JaJ dJjAa. AJLjla jl l-lj-la. Ia j^La jt cJliall Jjj-uu Uji! jljia Sj£i fix jj Lall^ 

A-ujjIaa j Sj£|la ^ jIjaIuuVI J Joia cHi ^ja Jafilt a Sj£llall A^aW (Jja 1j ^SjaII I^LajIaa] UU^I 

."^Ijll L5 1 u4 A.aUll j!iLk AjjUI CjxLIu.1 u 

^glil ±& A-alft (jl AjjliHil <JA P^j Aaijj ^Laaj ^ji AlLaaS cAJILa Aj ^jj ^)Laj diljJl 

cA-aUJl AjUaaJl jl ljUI ViaVI ^juVi du£ |j| a Axilla A-Ljiaj ^jUaJl A^jiaLa L-fljC- jj Aj*J Aj^uaa 

c-iUa^J A^Luu 70 ia^ajlAj (jjl ijajj ^jja j^^all fbioaJl AJI ^Jxj Jft .^aLk jLuu Uufi <ji ^j£aj ^iu]| 

.MAi^j TED Jt 
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1 HAVE a dream 





jj-uu ,S^IA_uul^Jl ^ jjSlaJl JjIjJI ^Lull AjujI a Jo£U]b jjlill CjIjjS ^5 S-liLa £)) c£aj Aj lUVilt 

CliS \jl Actual (ji (J^-aj AJI 

Jajj jj ^jSj V A^uuI^Jj Qjuij l$lu)jbu> jIjaIujVI cAojil^i A-ujjLujV! SjSiU c*b^A Jj^aj AjI AAj^vll 

A-ujjIaa]) (jC- Sjl^aJl ^Ixj Aauu S^l j ALjJa ^ic- .L^jjjSj Jjjj ^AaJI ALjJa SjSliJ! 

.ia£2 ^ja^£LuJIj 


^jSj <ji Aj£aj c-u^ cUu^ <ilL <jj£j La dJlf'j cA-aIju JjIaj La j) j£aJ Al^V Sj£|1a A <aW ^J) f j^Ul ^a <jaL V 

,AJj£1a]| A-n^xij djjjLuua JjJaxjj 



34 



<j^dj La j£ LLb tiSjJLuuj Sfli£Ji >Aj i] jj <j| 4.i^ajj c^-uj jjjju -da. Jdub 42 jju dbl f^^ui jl j£j c4jjj| ^j£J 

La { J^> jj£jj]| -ibu JjjjJa (jf> LLij£lia 4Jjlj^] 4 aIa ^ Cx j| LlJj LuajC- a J^u^l f jaJl jA La j£ LaLj cSjLaJI 

c-JUalj qix JjliJ! Lj±ij La dJl& 4JI ,S1 axjJ>J| ^LujjLa^l ^JLujj 4jjjl^£ jj£VI f j^il jj£ jail I^A a 4jjau^ jjSI dljj 



uijau ^ j^-Laj Luajj ^jlsu-a jJA j£ .jj-alLail c_Jl!aJlj 

d2j£a cSjAUali »j* ^ .(^i>ii)Einstellung JW 

jLuu-a ^ jl gyi JxAJb SJj^ jaJI 4jflj^ull jVI 

jjj*Jl ^jjJ Jj^j (ji t4jjjj&jj 4*naVn Cba2 J2 ^ u/a£ 

frill Sjj*-a ^ I^A LLIj j£] a JJa2| J^ jl Sj£2 
cjjaj ^jSn dji^i Sj£ o) duA. ^(pinball) c^uli 
JjbJb 4^1Al| jlSfiVI jLuu (j£j ttiLLa (j-a ^Jc-Sfl f j^ll 

4jjuia jj A^lAlt 4«a^ljja]| dl-luaj^l aL5 IiuJl f jaJl ^ <jl£ 
oi o^-aj I^jjjj ^oil 4 jLLuJ| CjIjLu^I A *tt jj£illj 

Jj.la> (jLLaJ jiilj <j*a Ll&iaj jjJl j^l^Jl qa \£> jj (jj£j 
l_u£jj£ lA jjjju <jl £>Laj a J^Jl Jj^j 4u]bu^l 
^2 La f ( j-ui ^Jc- l^j jlajj du£ 4j&jjJa]| ijuaj JjjjlaJl 

m qAjuH\ 


OL^I 4jV .jj^I cbVLi-a L-hj| JbJI jA La£ ^jIxJlj 4-uabjJ! ^ 4-uaLk iha* <jj1j ljjLjVI I^A 

4 4.AJ..A.H ^oAlLail ji jlSdVI ja-4J (j^ LLI^ a Sliuxa 4ix2 ^J! La jj Cji^j La dl^J ^iAxai! ^L uA^ LjJ% Sjjj£ 

a ^iuJ! UL^l c_j^Ua]| 4 j ^jSj ^jIui lL^ jA 4^UuJI ^Iju JjS db-aJ! j&3l .l^-La JjiaJl ^Ixjj duij l^Lalau ^j!\ 




/X - ^ 

/ CTO O O O O 
f • • oAoo 
l • • ©% o o o 
\o o o o o o 

H 

1 

Thought^ 1 


(jl£> (jiijjJ dJAbjLa cdlj^Wall jj^Jan ccjUSJI Sf Ijfl ^jjd fLiaP 4JLjiaj c-4^1 jJl J-a*Jb ^jjjdu tjdj jjjxjj 

Jl 4Jj£La ^jILjj (ji SjSii bjjj^iC' ^La^bl£ ^^-2 c^jxl] 4*L^j l^jj a 4ij3La jJ Ljlaa]| jl cdj ijjjVI 

4jSjAa Jjla. Jjua^Jl 4aij£ ^2 aC5 A,ArJl J^Jl ^2j-a ^Jj dboj^l <jjd c^^LaUI jj£il]| 4jxJa jj 4^K1| pinball 

a SLpJl ^j ^kjll ^ ^lA 


.4 ali\All JjSJj ^bVualj jbodl 4o£j£ ^Isu ll^ajj <jSJj c4^LuiVI Jjiil ^Ssu ial2 ^jau V SJj^ SjLa SjI^I 
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cAqVi'VA jj L-uituul jtLL^j ^oi! uist ja!\ j\ j£LLbl (jx* bblj bU> J JiHll *L-ujLaa ^ Lib ^laul 4J&jjJa JJaSl 

4a)jJ ljj£j 4oij£J LIaIjuS - LSjjSIIa 4,*aW La lajLaV AoujLujV! Sjlill Lbbuludt Jja-aj a Jjlb ^auij La IJA 

ljXj^I] (jA <jj£j bUxI ,4 a ^4 a Cj|f Ij^j jl c^jAILa cc-uILujL J£Lulaj LHujjLa-a 41^|.1aj i Jj| — (J^jajII Cj^LxP S JC-Luiaj 
La L&xula ^2xj Cjjli l-l^J J£jjj LaAIc- L’ijvj 4 n*,A 4j&jjJal LuujLa <jj£j laL& ^ La ,jl2 ^sua a Llb JjjjJsj 

.l^^kluoluj ( ^ 5 U| Ajhjiail 



Jsi\ JjLulaII dilC' ja^ya LaALa jJaUi t4-^l^ babbabjllj ^jib) .4 a!*Ti La ^J-a 3 ^jlalub La JxSt tLlb ja 
tiLuuij Jxaj (ji Jajuj <ji LU^aj jj a ia j^Ia JLuu S JG'LulaII 4, i^aj Jjj^aill 4 jI^J ^ bb^i SJj^ ja £)j£j ^jII 
Jj^a <ji Sj£2 c j l\A jLju (jj Jjjj dbl .j^Vl <jjaxbl (jA^ ^Jc- 4, uxa 4j&jjJa JjLulaII (Jjmu ijtfaTi IjLa 1 ^ij j^Vlj 
,4^±kluoj ^1 a 43jjla 1 Ibaj) 4 aIa ljj! >Lr a£j V J^LlLaII JaJ 4Jjjla 4jLjL ji ct-ijiuil j^jLa ^MVu^l 4aio£ 4 £jsla 
J juaill JjLu4-a2| JjAi JajjII Jjjjla ijp cJIIaII Jjjua ^Jc- La jbj^l J*l (j- 4 4 jlyIja11 4jLjL l^.kv ;dj| j£|1a J^IJj 
a jj£I Jj-ajlIj ^Isult LIjc-Laj jA 4JLjLbl <j£J c4jjjl^ jj£I LLaIju Jx^j 4jI bb^j jJjj <jj (J^aj i 4iH^, a \\ Jl j^2|j 
dJliluj^l! 4 ^oa|j Aaus&> CjIjUaa fLL S^&Lutbl ^ /jLaIA jjjiblj <LajLa*a 2| <jj qa ^j2I ^-2^ .! 
jASibl jib J jlj£bl j 4^ajLaa2| A JZ 4j&1a2| LIIj J 4J jj^bl fLLu l±u ^i 2 l jA cI^Ia 


a jj£I 4o2^lilujb 


La^jC' a Jl^b| 4-^IAjVI 4 ja n jib c JI^a jj SjLa ^j-Aba J^IJa2I 4a1a3U ^jSj Ia^aP 

,jj£) Jj 4JLaj Laa ^^Sfl yll Jj£ qjj ^Laj^^U SjjIa SJjJ^ Jajjjj J a& 4Jj^ a m\ ^2i^aj cljVL^a jj j| ja 

,4-uajLLbl QA ^jj ii2b^ ^jj£j bUxi |j2 la£j2 ^LLxj 4.42jaa CS^I^a 4ijXA2l qa 4aoaIj Jj£ 4ja n ^ba2b 
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dj|j-Lk (j! j <ji <j£aa 1| j-* 5 l^^' . j^V JIaa jl^b (jUjVI jalaluu (ilil ^oau AIIo^a CSO^a ^ ljIj-l^ Ajuuj 

lj!jo^ AjaVn Cja2 tit 4j^Vt Joau^lt .lalS JIaa j^a^aa -lis- IgJLag' (Jm&jj CLuaoI 4j^l jj Jt^A ^ 

4 jaSioll Ai jIIaII <il 2 ijJa J^aC-I j£*uu Ijj^^a ^u/i* <jl <j£aj <ili£l 4 Jj. 1 ui Jjaju Aijau <j! 4^1^41 wJaiS JI^a 

(jjjla ^ lit Cj±^j ^kll ^ Aa£ jilt Lj^iill f&XA 0 * * Sort^t ^ jS(J jjL 1jj^I xll aij«yuLft .S-b- 1 *. jtifil JjUj ^Jaluu Vj 
c-uuuj jllflSft Jooa (jial jjp! .Aa^IjaI) £c£ ^ Ajj^uu jjxL V ^gJl a j^l JL^a ^ J^Sft ^ q^LLuu! jl 44 -AjaaI) 

AJLjlal) ^ (JjjjaaaaII jaoII (j! 4 *ij^ 4" j j^-VI jla SjUaj ^Jioa ^kll" JjSj Aaj .12 AJ jSa iilloAj ,A.\uaa 11 (J^jIaoII 

.loAJjJj (JJJjaj f LuaVI ^t jlaiil A AJ.V^I 



Li£ ^lault £)t ^lalb if ia^j V 4 AjI^I1I ^ 
jl ^aaIslaII <ja UISIjj ^joll JIjaII £|jjI ^ 

■i^i ja JaUuII AoioS Jilall ^Ixj IaJuC' ,l_u£J1 
^iuaj LaAIC' jj 4 ? liauial t i jlz- ^jjjSluJxlj 

4 t ljU ^J^J IaJaC' ji 4dLlAl) LAJ-U4J IjJ-LLuS 

<j£ .gujS jujA ^1) Ja£ AJ*j J^l ja Sjoaua 
(JA AaIA Uut ^LoJ ^1) JOaAJ AJjaVI dJA 

.flaull 


AIaC' dial JjLujLB JjLuujj ^bjoill 

S^AUaa q a -Jjjj SjjIa jilaJt 

tA (A jA 3 tr^Ji 

Je."j "Sjjfl <-iiUaj" jj fjl« jj tiLUj 

OaUsJI jjja j ^a jA ^lt joaaj 4 M lfka ^AJ^j 

,AoAjjl£i jj£ CaVlaA dJC- ^Ixoll 


IuJUJI Jj^xaJI j^xieJLo 

.JjSJI (jJjSj ;U&jOajA 4 JjS ^te.1 *.^< »j«*.,. t jil Jjlaj _J.^aU A^uiLuiVI jl^SVI (jiaju JjLulwi UA 
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JjjjJa ijp iA&j Jjjjla l^uax-u Jajj jj ^Ulj cujLuag>V) jlaj A^aj cCjLajIsla]! £)* f (j^t <^A Ja£Jl 

jj£ i ^-Luajj ja£j 0* Ja£J! b A-aI^J| JlxiVlj jLSSVl iaaLuaj lj! ^C>V) AjlaV A^aui AJu£j| jjjxj <jj ^Laj b( ^j3la]| 

SJj^jaJ) A^oiJl ^ AJajjJii Jja LgJajjj £)j ^Jaluu Jj-uaijJl J^-uj SJjAIa j^aUc- ^ cCjSjJI <jaAj ^ JJjSsu 

AJaAUl <iSjj£|J (jk 



<jA Ja£J) f UJ AJLjla JJaSi 
JSjaJI aLujVI Jjjla 
SjSill j tstti a\\ 
A^ijIaaII j .AaujLujVI 

iiljJ&LuuAJ liljjjLudA £CAuija] 
b AJaI£J| Ajjj 

Aj jl^4 C^l^jlujVi JjA-A 
(jjAj Aauujjj]| JaliUj 
^ JaI ^A lAjkL^ll jlallj 
SjC'LuuaII JJa^j 

LgJI J^JJ .JjSJl A jUC' 

CjlilLk fLL ( jl& JC'Lujj 
L f k- dJC'Luuj cAalus^ 
b J-ua^j (j£uu SjIa]| 


(j *axj tlgjJj Jj^a ijJ! ^ J^uilj LLj-ujj jjSI ^j-uaH] cAa£ I^jaIxj ^1£a]| £fi> AUILa ^£L»j ^ SjLaJI j£Jj JjIa Luajj 

b Cj1jLuaVI 1-liLa £)j£j ^ q£aj Iaa l£j£ <^1 AijiJl ££ jlal]| 



{j j^j CjVl^d ^5 CjLa q a ^Ixj dJlf' iiSj^LuiJ <jj I^aSaj La JL^a Ajjill £)j Sj££ <ja£ju JajaII 

b jj£I Ai j£*aj <j£lA.l£U SjjIa dJ£> h\H ^ ^SjLuuj <ji <j£aj <ja 3 |j 
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V LgbSJ c *LalA 4 ^ l^i£ 4.41*1^11 j ujj'1>uiV) c^jAILaJI &jLL^j La 4 -ujjLaaj tiL&lxj J^U 

.1^ aWTi ^oi! SjLaJl 4-alA Luajl ^Aj tSjjjbaJb 4 jjjaJ1 ^Lj 

Interleave your learning 



CjIjUj^VI fhVunI .jlj-aluib tiluAj jjHI .blxS SjLa]| uj <iljb AuAj ^A jj ^La ufl ijxj uh£ ^J&j ^ dfliSJl ^lAjt 

,LaLaj <ilJj (jjuSC' 4,4A^kll 1 a uj ^kjj dUl Llilaj tiLuuij ^Ajj Clu£ <iljj cblx2 SjLa]| ^Jjuj clu£ |j| La JjJ^U $ j-wa4i) 
C)\ Skjsu (jL tilaA jj <ji (j£*a-a 4Jt4 4 Jjllajll Ijjj£ .lajju VI Jjbk _4 SjAaJI jbj^VI (>a £ jjjA £t^jiuuVl 

^lAj! Aia^^Laj dl] ^a-ub ^-2 4 i j\aC> ^ f^u> fUa^Vl l_iI£jjI b 4SjA^J| ^ CjJjkj La (jdaSc- i j lb J^Jj SjLbl 

J^aj] 4 jjju^ jj£I La 4-oujLa-a Iaju .SjLaJI CjA^I ^IjL liLaL^jj LgJl£-ab2 Jbid 4i^-uJ| jjjaSfl 4-oujLa-a uIaj .dfliSJl 
dua2 i2 ^ u^aC> jLuu-a jl 4 JxiJb ^ Sj ja, j-a Sj£2-^JjVI Jj^j La^lc- ^A 4_a^lj-aJ! .SJLaU 4-aLUl S 

dJji^ Jjl^ JjSj] 4jIASJ) 4a2 Laj bj-a u/a*i <ji ^j-a ^Ixlaj jl . jl S j£2 { J^> jjjjlSI <jjJ -LjjU 4jjjSjj 4*naVn 

,4-af ^La jj£I jl JJa2l 

Einstellung 
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Lid ,ji 


) aUu! ) jJluS UjJu Lid .^LaII jl^L "SJjjujj Ad-lua" SJauiJI . J^La SluLuJl A^jLuOa]) 

a ^jUI2L j-uij j Uliluu.j AJ^ jaIui! 
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6j5IHI s iJu^jujuJI : Id 111 I JjuaaJI <LojJLo 


UaLuj) ba^uiaxjj jUajjju jjj!jjaI! a Sji|Allj lJlj^uII! jl jAjj jjC- jJa ja AjAVh ui ljuu J-^ill |AA ^2 

AUa <jl2 4 Jj^uuj I^jla jAbul! 4laLuli! 41*1 x3! Sj£)aI3 Ajj^lj jAa 3) 4Ljla Sj£)a3) 4 jL/i Jj£ ^Jjj3 4jV ?!aL*3 ,i!jjj 

SaIx S!a! Jxilb AIjaI a S jj^V! 43^11! 4Ja^b ^ c_i jj jil! fUbVI j- 4 £jll! !AA <juj3 41! a Cj2j3) (jlaaul ^Hxj 
f j^3) !AA gji a iaLuL3)j jj£jj 3! £^4 4jh2A 25 J) La! A Sj£j-aJ! SjjjaI! Sjlil) A13j -(jjj^j-aj^) ;l-Lj-uuj 3! jua J*bul3 
JSHluu c4uajj*3! <jja jjjil! t jtfiTi V Jjjla ^IaVuIj 4-ik* t jtinM 4lguu JjLujj ^J! 4^LLaVb tuLj-ua]| t ju*m A3ijjil ui j^u 

a AliLaA jAa 3) 4ljj3a Sj£)a 3) 4„A?ali jj£! ^3) Jj^ajA3 JjjIaJ! JlaS! 

£ £ uu 

: Jjpti)' Liouo J^juuI <dj :<Ju 3 juuuJI usic odiuJI 


Jail ^SjlLaL iAgl ,4^UVu*tl IjjIjC'I 4JjS 3! <jla 6 41 j A^3! uL*i3! JjLuj uiLuu£l ^ixj t^jjl3 ,4lA A* 4 ajAj ^Lu ^cj1jj 3! 
Lalij jj^-a^J! ^La! <j^-^J <ju lx LaAjC- 875 <jjLi3!j ^j3*13 4 u1La 3V! 4lajtji3 (J^fjVlj (j^b3! jaajjjl! ^ 4uaAu^3! 
uL£ a SA j^ 4au.ua.jj ^uuiL jajja 3! ^3) jJl Al& ^JUUl ^jjJI ^ij c£Lj1jj 3! jja 4 JjL£ 3! 4^ jal! 4 ixJa £)ja jj£( p^Hjb 
a uhj*uu3L 4 jjj£ 4i^lc« 4l ljIjsJI j?SjULaja 4 %^j jAjjj Jj t£L^3! Aj£ ^Lu ^j 4aja 3! dA^J tjLua Ujuu JjUjj (ji q£-aj 
L jUJalla £)jJj jjSjjII <>» ^Sjij 25 :(jJJ J >>J^t) Cwi*j (jj Jaj j JaJl |AA ^ 4JjUjj ufljuj La |A^ 

Jua JbJ! jA La£ LaLaj uLj<uu2) 4a^j2ij£auu ^ 4 jJa]| ,AjJaJ| Jxjj ufl ij-uj J-uaiJl |AA ^ cfLkjlui^l J^^ I^JUjj 

a dAJa 4,nu^a 4 jjIS j JjLuj jjj]sj AIjApLuu 4jILqL f Li4j£ 



uijxjj ua j-uj ALj ^jjxj lAA .uLjuujJI Jjuu£Jl ^jlLoL uL£ ^jj-Jauj uijuu (jujjSil lAA ^ 

JxiJl AjAj ,4,mj 4u^jLk CjljuujjaJ 4 ^jjj IAj^j uflijaJj ^j2| 4jALj^VI 4ajjjjj]j AjAjll a A!I^L ^jjAjAx!! ls ja jj]| 

< ^ 5 jjajj]| fVjA (jja*j Jxaj <jl 4juAaJ! ^UVu*tL ALl£uaL ."U" j M (jVl M (joui^j Jxa 4ouaLa ^jj£j La SaI^ AIIj 4alVI 
dAj^ 4 ajAJ IjAli loj£ IaI a Uj-uu l-Lj-ulUI j£ ^juJ a( jjj ui jau La£ &AUa] LaA j^ uLj-uajJl 4-^1 ja ^ ALjApLuuj 

J£juj Aa1a£> CjLjJjI c-ujjj £ja Alii aa ^al! SAjLaII jl j-ujVI (jlaau llA ^Ixjj ufljuuS uBjjaujII 4iiuLa jua JaIjuII ^1& 
^-a!| jbta. jAlijj jl Ajjj All! a ^lalLa JaLuu jA Aj^J! ^IxjI! j- jA 4 j-aAV! AjAuu uLjujjI! jAlij >1 x j jj£ t_uuu a Jua2l 
c4u-u! jAU ASjSj j-® 4aLuuA! (juil j^aouaiu (jjjla c4ulua 4 jj^C> ljLj£jj ^^^jjj V j^-2 cua^jll ( joual 4 ^jjj ljLajLlaIL 
b J- uafll JiuL ^WTuai Ajj^. )jij-A 4 uu!jA1) 4j!Aj 1! ^jjjla J^! 4oLaJ Sjj5 ^1^ I^jujjj J-a <jil 
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t$J) .Sjfljla jji La ljja£ SjIjVI S j£ <jl2 AaS j£j]| Jg-uJl (J-a ^ill uL^uuil qj&£> .AaaAl ^AVb liaU 

V Lib jj£j La^ VI uLj-uoll A-ajLsla Aniill Lljattau AiUa j-l£a <jl V .Ajj^jlI) Aillal! ^j-a jjj£J| ^Vu*n 

Ujauiu ^all fLuiVl Oj^i uLj^aoll jl iai^LAll j-a ,^u3jj ufl ij-uj La£ Llbl ^laaa ^ Lljti ia^Jj j a AaC- Jj^j 
J iH Lilli 1^ JaLbj £Udl ^JVI j£Ij-a <jlS j^juaiJl Aaj ^1p Aaaa V jin la.lj£- ,^lajjVI ^ £;J-L 

a Aalp pj^aauj jj£I jLLu Aj jIaIujj LLaLajA I 




<j br*n ja2u 

CiSj-A 



c# lc. <4 J i n* I ^lai 
UliJ j£l 





^3VI j-a ljjj^JI jLj&V ^AaII ALjla jIjVI <jl jja-aJI jaVI j£l tLa^jja jLuu JSVI c<jL^ullj Lljja-Ju 4 j utin ICA 

j-A a lgj ^laill jj£iall AjjjLua Jjjj <jl jlA^I j-A Aati Aaaaljm JLa^VI J^jj LaAS^ a f j-uJ) SCjaLu jj£j <jl j£-A-Ail j-A 

^5LlaSi jLuJL liij£|j ^ ^jLaj1*-a1i fUJi (Jjaujjj ^i liiv cjUi^iaVi np <-isjA Liun <ji j^-^i 

JjJaJl jjjj dJl& tA jjj^a AJjVI jj-^j <jl jLa-aII AJiuJt uLj*uull S-ilc- a $jLAH ^lajjVb jjluu ^a^ A^laaa 

dJA A^_^Ij-a Lljjji 4**1 u Al^ ^1* .A-aI^JI fI j^I j-A 

CjIjJuII (ja CjCxJ! U^jjJj Lji^a cijaafi SjUJI 

jLij La^ ‘ jLaJVIj uLjuail jaj ljI£jIula a Ajjl >jVI 

.^La-a jj£j La UU^I £3|j]| j-a Lijjjjj SjJoj 

J*^^l LJ^ C5^ L)^ Jl-bil JaLuj ip (~*L *i^ 1 J^uJl 

di ijojVI ^iuaj ^jjJa £&jll ^UVu J 

jl J*i]b ^j;b A \\ ^Ij^j jJ'v a\\ Sfljd (jA VAj CjLajIslaII 
jUkj ^ i±u a Aj Ai^mi JjLuaaJi j^j ^uiii 
ajjo^ji fL iaasji (j\ jiLaJi Jaluj jjn ji ^ajuLa 

Ann jIaj ciui£ < ^oiij ^jjLuJi ^ i^Lajj sjLa sji^i L-Jian 
jti&j j^UkLi ^jij jjJalb dfbl jli li^Jj LlijLua 

Sj£|1a 1| {ji ljIJojI bl ;JIa AjujLa lAj^Ua ji-u Ajj^liC' jji 
tiLuail] Jjij jl j£-a-a1| j-a 2 Lij^unllj ^,\1 ja Can Uj .SjLaJI ^uil ai ij^ jIjlLaVI ^J-a ^j^Ul j-a ja£l lj£aa 

Cxa AaaJa^l jj£l ji j^ajai-All (jA ^1 Lijj-uiall ^^L-al J^-uil ^a jl£ j2 t jjJlUI Jjli jj& ^Ja Lijj-uall jl M 

"!?jaxII |JA J£ 
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£a 4 u*aIaaa clul£ ^d! culAldl .A-iaAI ja£| uLjuudl AiLuua ^SdJl ld£ did jA jjmma jdljl td£ 

jaa] j dlljljd Aldb clui ^,jdl jl jdjjddl ^ .dllAlP Abu uh£ d] ^daijluu a dj jAxa jl j^-^ AjLLuJI cul jidl 

jjl j V bbd lgu£l cAJaouij uhjuudl £a JaIju]| cubadljluji a dllAlP ; jjjidj V j^a]! 4 ul]| <jAajjJI 4 Pja^a 


a t$d) j)aVit 4jld£ 4^dalj 

c4aAja jA-u V A ljuPill £Cajjj]| culP ja b 4ua AL-Lua culP jaa IAajI jlajjj]) Iddl jIa]]| a l^j UIAj ^a 2I 4ud&l] jVI Adld 
Ja ^aa c jail Clip ja Ik I ja 3Aaa 4dua ^ jAaa ji dlHab jj^j IAAjP tdjlji Ada A^IIa jjJaj ji diKab 4 aI ^^^aa 
jaVI db JaP JaaIaj jjdjudl ^ ,jdj 4djj!a]| jAdd . fixu dlLuapj ufctllj jllajdb d*nb/aj JIaaa) ja Ajjj 'Ldl jj£ 
Jluu jauu ^Iaa ji jAuj jl jladl jaj cIuaajAa <Jbjudl ^^Ip jjAbxad c^jaVI Sja dlA jjjjIjj c Jau A jl l 

a SAjdl dA£j cujud ^Adl 3 Aaxa jIaVI jU t^d/a 


! jl5La ulO uM-o^j 

Aa^.a'1 Jxaa Ad dd) ^Ald]| cutAjladl jjtdjia a lajdA JLua I^ujIa jj£a cijui cdlluA ^d Sja JjV SjLua A jdl dji Jaaa Jadd 
jdaj ^ JaAj dldP a JjUaud JpUdVI ; jjdj ji jA 4 a ^jdj jl ddp La j£ jld l$dp aIaxj jl A jaaj jd ,4 Jaa1uia jAaa 
^a Aadlia jjjdj jAd ^d tdjtp (jj £j ^)l ^>a VAj SjAjdi A-al^Jl JaI j*Ji (j^asuj j Ajua Aj^a Qi-^ ‘cr 4 
AaaIjA plxl Iddj a ^u u/aj Id^Vj cAjjau^dl AjAaa (jjS^ AaIAaJI ^d ;CaIaIjAJ| laAjP Sjdal^ Sjidll QAdJ ,CaIai^IslaII 
jjV IdjdP UISa ^jdj <ji Id ^auaj AaJ a \jAdUa iad^A aIajpVI .aIaaP^Ia ^jIsua Aoludl JaSJI cAaa^slSI 

jjjadaA (jj£Z V lajI :CaIaUJ| qa dAJldl dAA a jaa£j JjVu Iaa ja£I |A& ( ^aa jjll jdaj <^d J^Aa lajI .CjUaLud! ^ja ^jdj 
djjui ^jaaaI Jaa SAdl Sja-uad cAaIui ^j SAa^ CaIaIp dldt a AdUdl jd ja |AA a dAlxd dlxd fU a) JxdA bud ja£jaj jA^idJ 
a JaslSI (jA SaijslSI Aju CaIpLa dAxJ jlddt Sa^Uaa ji ^lAdVI J& Ijauj 4A jj (jk laUa]) Jaa dAdl 4djJa jj cAijjdu 

4jujV SaUJI ^xbdA ji (^IaaJI (^a 

^d AL JjI 4jjj£ (Aa* UaAuA SjUaVI jAa^a Ad Aajua aj] JUaaVI ^ t ^aJI cuAdl ;Jaj|jJl ,1 

b( JjAa^ ^ja 4j</ii AJUaj 4a jj jt 4^ Aid I pj-u-u^U 4 -uaIjAJ! CaIa^I j]b dAbd cud j jl cdkl^A 4uild 

AaP 4ixdj La ;4j ^jldl < b5 aaajj 2| f Ij^VI bujj cljLua jl IAa£a <jmA 4aIA A^ ^d Jaj|jJ! IJaxJI qP ufldjdS cudjJl 

a Jjld3l jd-AJ La jA SjUaVI dAA C5 S1 a 

^^P Jxd Aj£ 4^ldl ^^P dldP aIaP) ^aJI ^aIaapV) ^^^aaajjJI f Ij^VI jdaj jA Iaa i^^aaajjJI f Ij^VI .2 

a djLua ^Jj£j Ia bb^lj tdjLua jaP jl c4*db ^ dAA 4jjldldl Jxd I AjAj .SjLuiVt 4Add 

a jjj^dl <ja Jddlb bjjd Ijjxdi Udaxj l^jj ,1 a IjjIvjI IAjIp ^Jaxj I^aV jaIuijj jjJajj SaIp j£ ;Sldl£dl ,3 
4Pjuu CjA^a 4jua ja£| f^ui (jl\ jA^jdl Sjjj Jlddl ^yd dlilddl cI^ajaaj J^udl ^ja SaIp jA UdAJudl 
CaIaUJI ^Ip (jAdlll SlilSd ^jjJa aL^a) ^-dl QA ,4jJ^a juuaj ^)l Luajj ^jLddl ja SAudl la I Aid I ^)£J a 4i j^aa j 

.UdAJudl (JA LA JJ^d 3 Aid I 4 aja|jA]| 

djAlP jjxa jl ^daluu (j] dll jsuaj jl (jLddl j>a ;^Ija a l^j jajj dlSf ddp 4JaLu did la I Aid I ;AldlPVI .4 
a 4dj Add ^AJI AldjP^I jaaxaI ^bd laII 3 Aid I jlxd ^ jdt ja j^Iaa cud j ^a^ 3j£I Ad I Ja^J 
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lyJlgjJI gj'UJI JjLLo cuJLosdl 


JA^\ jL lAil&j tVj .iiluiij ^jauaj j j Cj!jJ| Cj\ (illuulji ^ Vl*-2 jjSjJ Jjjlall JJaSl i^i 

iSj&liAlt 4<rtW AjIaj ^a AjjLaH jC-LaaII (jZax j <iLil jj£j jl ^tjjhll 4 jI <iljij jl cLaja^ ^laull 

jj2j-uua1| jj£ jl £)jj^Lll ia.J .jC-LaaI) diA Ja tilLabu 4oio£ jA ^-aII .(ill a ^ Sil^ jda ja jj£j 

£l ija-aj JLa£L ^Sj CjSjII jliAl L-iSjj" ; Jja fLuil ^milV jjIj^ Lolla 4 ajLa 1| ^AjtSSl jjadaj 

^UjjVI ^iau (iljsuij LgJV S-iiAA ^lg-A j Jlioj iiluiij diaj lit "SjSliAll Jj^ tiljjauSi joa^jj ci j-uj Sjail JaslJI ^ jaIuu 

jlaoll Silfc-V SioLa j>I Ai&jjla <ilUA j)l ^ixj jl tiLkfil 
4 j1a».1| .^aajjII ^1p V 4.j\a>. 11 j£ jj £jt j£ij ;fLuiSU 

A tj . . J^ Ifj ^jSj Jil\ Juivij dliUllj tbijJl jjja 4aij£ <^j*j 

ij Sb ^IaXj) jA £11*11 a "4iAj 20 Sid JapLi Ul" :Jti*£ a dijll liA 

a 4itgjV ^Ljaj jilt ^jIaII cjaIjII Jja iA.jIaxII £jaa 

^U) V*^ ViJJ c^jjaII ^£> jj£jjI) j Jlijj oi i^JJ (illti uLj-uall j Jlili 

Kfl^ROV Lilli fpjLAtl cjUIax!) .CjUIaaII fU j ^Ic- jj£jj1L ^,j£j jl (ilolg> illj ja 

^ jj£ ^I^aIL ^jSj jL -Ailua- (ill ^aoaj AJouaj CjIjI&j Jsjjjj 

(iljj ^jlajjiSl cJIaaI! Jjj-uj ^IC' a l^j ^Ull ^jlj Ajj^aII 

,Aa£ JaxII J^jj li^Jj cLa SiUl ^IJIaII lj^I jib ? U1! cjVi v 
QA AjJjU^ll <JA AajJ ijH cAlLudj 5 l^jj" c*Lj$i\ JjSj 
^jk (Jajxj ui J^aaV! £)a .1^ ^jjla (JjZa iS Aaaa^JI AliuiSfl diA AjI^I <ji (iljJj CajI daUpj ^ a M ?^jjij oi (J^aaII 
jj ji^all a Aij£i j^j ^ AIaC' (jSaaII ^ja Ul j)J Cjl^iua SjaaxII ji jjjSjII jl Aliudj Aaaa^II clu^ ^aJl^ 

villi <ja ViJ .lJujaujIL liLaU^ (jk ljaji .ajj jill ^ivg (ilj^g Ia jA ^ljIaII .AliuiSfl CjUIa) ;^la1a1I ( jl^> Jj£jj 1I jilij jA 
(j& lajaaI jjjLaI ^j^ jl f gi jJLa ^Ic- I^aUaj ^jII CjS, jll (jA SjJLuaII ^laill .CjUIaxII jl 4 a1ax1| j£jj jj iLlg> 
4 ,^jW ^jk 4-UaLujVI ^jAUaII duC'jluul jl ^JIaII (iljL^IJ du^Jl Sk du£ |ij IaJ Jill JA a CjUbkJA^U ixluuJ jl 4-11ujS?I 

L-uokl) jj l-L£ ia^V ;(^iaAl/laaV) jVI .Sjja^S Sjail j£aa i^a JJa^l f ji^J JiJJ jl jA L5 iaiaJl uiigJ) .Sialj Sj£liA 
iaa ja!| l-ij£jj ^jiVull JIaJVI ^1^ jajIj ciJiail) ^1^ i a u^)i4 6 jj£jj Aallall djj^ll L5 -ujjV dujLa ^1 jaVI lo£Ijj 

,ittn 
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4jjj%a 1| djiiil a 4 a^ a JLa£I ja VJj c Ja£ jj£jj]| ^A AjIaxII jjSjjIS JjjJa]! J^-uul jJ^l <iU 4 a-uu2L 

Ja^J jt J£&^ J^-ujVI j- 4 a jj£ij ^La^U joua]I ^ ^ ^«* LgJV CjU4Jti) 4^ iJI&LaJ LjIjUJI f j^ jt UA 

jj£ ijj]b a 4jjDaAlt 4 ji 1 j ill 4 'yni't ^1 j^l ji Sjc-LuiaIIj jjajjL ^SUUbj La AjIaP S J^LaaI] ^^jJajjJI 

<il]j <^a VJjj Lg-bVI ja cajjSI Uj Ja" ;<iLuiij .vn/i jL ^a-uu <Jljt2 ^ VJj CjljUtll 

Lij-uu ^il\ Ljj1uuj]| JaIjS* ^ jj ljjJj]| ^ jA ^Laol] ^IaLaJI a JaxJI jIjj-uj Ja jjjj jjJj JaLlUL ^a-uu Lljli 

a Luaj| |J^ SjI^ Sj££ ^A £)£aj ^ Jsl db^VI A jj£j Sj£IJa1| jI£a JiJS'l jjJaJL JJjxj ljLajj iLaj^ jgiaj 

j£*aa 1| J) -4 -l^iilSj J-a^j jLLaVIj jl£ til— lj ij^att 4 ajI£J| £jVI CjI^Iauj jt <j JtgJl jISaJI jt jj*^ 4 lj^-WI j- 4 jj&I 

,4jA^u Jj£jj3| jj] jIaj LaJj& S Jj£a JJ$J (jt 


Idl^JX-ludU {jd> cJb JJj^dLsJI uvXO^jJI u^Lc v 3JLJLxOlxJI 

JjISj Ja uBjj-uu2I loI^j ^ tih&Luuj LjlJlxi] 4 £j^aJ| ^jajj]| jjS ^ic« JaLialt Jj^atij ^ Jj^jJL jVI ^j& ufl j-a 
I^-La f tj^l Ja£« JLjj jt Jjjj ia&2 LojI a 4Aj>Alt LIjIjUJ LaLjj ^LaLui ) jjjxj Jjjj V ljjI a jLIaVI jJS SjIjVI SjiJ ^La|jVu*tl 
cij^u ^Ilt dJj^jil 4i^ ja]| .SjUiVI "iajljil 11 (Jllx£ Jj jjjxj] ^^jLuJt ^ j-a£j 4 Ij^lt ,lgi^A SJjJ^ (jj^t ^j-ajjj 

JjI^j SjI^Ij Sj jxl\ iiSj^Luuj J£ c^j ^ill ,iaj|jJt (Jllxi Jj jjjaj Jj^ ^A SjIjVI SjS ^IjVu^V I^jS ^Ij^j 

a uijjxuujit j!aj 4 ^aj (j- 4 dJbdl 4 jujVI ljUjLaJI 


LjUiit dJA J^t jSj La dJlf' JojIjjJI a tiL 4,^Wlt Lij-uu-Alt ^jla jjil 4-juiaj ^Jt LlxiJj ^jJt La cijxj ;Jaj|jJt ;Vjt 
Lo^ail ^2 IJjj Ja ,jjU ljJ^ jj j^j^I j^l^uut j^J JUiVI JjJjj cjsluuj lAj£ cdu2jUt cjILaII ;jjjVI 

dlA dJ^t 4_ujtjj]| djj^JJ 4,jl^ailt JjLujjJI ^laij JA ?JJJ-ul CljjjjVI ^i^jj v-^Lj^i J^j ^j dujjjVt La 4^ijIsla 

SjIp 4j ij£J 4 jI ^A lJuj^uII j-a 4,K^ja1| ^LLL& llusj 4 a^ aII fiLt JjI^j LaJjC- ^jjLuiil tiljj£jjJ ^jjJ ^jjliJ 10 
d&U (J^'t (jjjia uLj^uail Iaj |jj ^Imla jJlij (JIjLIaIj .LiUj-uaJt ^ Cjjjj t2jV I^jlIa jj£j V La SJlf' clut c4a]| 
■ JJJJ'J- 4 ^LaJj^ La£ a Ca2j]( qa Sj^ j-a CjI jjiJ jj^VI dLmVt CjITujaJ dujjj^ft JIxjjVI jt JjavaII 

ljIA jJt lait Jjjj LU1& a 4jjx^ jSt f^-u^ (JIaLujI uij^j La UU^j Sj£IJ-aJIj LLaU2 qa VJj v^Ia) Jill ^^jjjjjII f Ij^Vt [IajIj 
4a1axj ^Uiit ^ULa .^Ajjilt LljJlC' I jjla jj dJlf'j JaUiL j£jj jt lj^j UA jit a M Jaj|jJt M JjIaj LaJj^ f Ij^VI I JA Jjjjj] 
^J^ < jA dJlC' (jjjjJaj LA^UaJt (j^aau .^SjC'Lul J2 SJjJ^ Sj£I J-a qm jila jjjlaj a 4ja^ tiLjJ jj£j jt jA (. jjla ijjJI dJl^j 
dJili tjiuu£t tL^UaJl (ja jjj£ a S jjj-aJI dLuj^t CjUIula J^l Jjjj Laa CjI jJalA aII ljIa j]| Jj^ 4Jj^a%a 1| ^ijjjA c-iL^Ja-uat 

4jjI^jVI jIjVI cJjIaJI j-a lj ijSt jILa jt 4 ajLa (jk i$ JlA jILa {jk i j£|1a]| 
lj-uuIIa Cj^j (jk JJsIaI t Ai15>a (jk jAjlaJt Jja-a] Sj£IJ-a]| Ao^LLt 
Ij^j-a L^LaJ ^aJj VI j^-a-aSI j-A a Loj ijjjVI 4£j-uu jLuaj! Jj^j jjJj 

djj3Luu iaij^lj cSjjj-uaJt JjP 4ja^Jt Jj& a jA luut j£J j c4j|Jj1| ^ 
j£ jjjxj JjIaj V .Llalai. l^j£ Jaxj ^ 1 \ CjIj-a^I dllj ^ ^LaaJb 
^ 4j^li. Sjj^j ^JpLul jt j£-A-ai! j-a jjjJj-ajj2| 4-JSj a dJ^lj 4 jl£J 

.LjljjJt JJ^ dlxi Jj Jjjaj 


V <Uua J ^1 diujj j ill La 

Ljljll 1 
jl£^ • 

duSjJ • 

Lj^xL]l • 

Jlxii • 

Ls$jJ\ .2 
iUl l . 

alilLall 3 

jliijftVI .4 


fljj lxluJI jAjjjjjt j-a jiaau] |JA UL^t ; SULLa]! 

4>/n jiiib jjauiJt Jxaj jt 4-iiJal^ 4JjUa J^Lk j-a ^IjILaL Ja a Jj^LUI 
(ji tdjllAb Ja a 4j^tjit jllA J^j i\jJua ^)l£ j] ^j^ cLa f j-ui JLaJt 
4 jsl! JS 4Jjj^jj LLla2 f j^ui Jj^ 4ijLuu-A jt ^a tjJLua UlAj 

jt J-uaLJl dx2 ja j- 4 df tj2 jt 4 jjVL PHaIojVLi it ^-a-ul jt 4 j^\aa 
jjslui jt Jjiij Vl L-ujUjVI ^iu^J jt jliHit S JALuua ja 4j-uuaI ^Lj4i 1 ji Jj 
Sj^Jj jj£j Lajj ?jj£I JLaJj jj£I f j-ul iiluiij jillluA Ja j clajjIL 
4j^j°Ijj jiatji-V j^t f j-ul ^Uilt jt SjjJ^ jaj^La 4jJa2 jt LajjaaI] 
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dlilLa j-uaj (jli ALLuj Abia Aj£ j Jblb £)l CjJjI |j| ,Abia CjLPj L^jV AJsIuj blaj bibb I <jl j£Jj ?cau^i 
ljIjIc- <il] ^jjIuu ^yblj uabajbl dJlC'j Jbj-a ^At Ibj ufl ij-uj dlilLbl diA £§jj ^yi tfllfc Ibj Lab^ Ja]b .b ntj ufl j-uj 

.dJba> 

b3 j bjlafilb £^a f lib) Au^l Abj Sjjfi Ik) Jla) Jia~a CjSj ^ dlilLa C5 SH] l-uj jbl £)| <jbbl £}a jjjSJ) 

V .J-axb ji^j <ji (jLabl )jb ) juaa t j it j i iJC-j-a ^Jaau {fLuia A^utalbl A-ujjLujVI Aa^.bl bib) jl S 

-jjJSjl IjjjL Aabblj j^uofiijjbl— bl ,Aj|b]| ^laHa £)bjb Jj-uaij]| CjLjjl^ Ab jj Lab^ f^ybl jjxbb CJ £'\A 

\±u j\ Jj£ jjjJ j-ajbl lj ijiu/t ioAaj di)j*a <j^a A£-^ ^ tJjLbl Jjabl qa ^bVI <j^a JjVSM ^Lb ^yil ULb b 

Lb£ La |jb ljj-uS uk AJI j£ij £jba ija Jbl Cjjb (a y-uaij b bli£ ^UsjjVI <ji <jbjbl 

, jj£I Lba Ab 


bib isijabbl c^iVi £j&j Lab& AJI -lb .bb ^bslb bj) <>jj £)l jA uijjbJl AiLuta ^ f ^Al ; jISjC-VI ;tiulj 
f M ijibbl ^yic- bib) <j-a La jA J-axj ^jAsJ) baUb <jl Jjj.lub a Abjl jj^VI Aaj.V^I bjUbi jbjoil Jjlluu 

ljUSJI fiSflj ^jUi) ji c4_uj)ji]j tili^Laj j-4 AjjjJ CjIflUj AjpLaJA) fl^lj) jA tiLaC'J j ^ ba^a 

Sji^-4j AokLa jJ ixujj jlli ,l^,j4 n b)S 45^1 ” jjJaluuj Ut" Sj£i ^ ^jl!) tdujjjV) ^yi& 

.uijLbsil CjUs^J ^_yi IgJbuu] JoAJ ^yl!) 4 , 4 ^.aD f LuiS?) ^£> ULXJ (j) (jLa-aI) (JA CjblSxi) ^yi (JJ^jLuuLa f b^usi J -4 

ijolalllg cuIaloJI 6 L%II 



■< iul/4 i 

wLwaU^I \ 

4 ^ J--bt 

V“ bblbi j)ija) ;(b > 

J i5.;Ub!l i 

j> LlL \ 

/^^«Uij*l JUlLl A 


bujiwVi aj& jiuii biii 

Aiajj ^ 4juli 




o 


‘l i l \ ) A^uaJb 

(> JjJail (Jjj La SjIsuq AjjI ja J a& 

ik&^^ai imll ^L^ubib SjLa^ ^Jk-i J& 

^ ^ * *** ** ^ ' 

jA J 4 JaIxj JjL^j La Aj^ 2jb 

4j& jauj) 4-Ajli bC'^. ujj) ijA l-u£j ^j) 

Sj£la <_yi A-ujjL-uV) ^l^-bb Sj^,j-a 
j£ Ajj^Uxj l_u£) ^ cJsjJsVlll Ao^kbl 
dj^xbl ^ ^>k) ^yi& 

J-axil bjlLab ^jl\ ^l^bb 4-ailS 
^l^b) A^aJb AjU£ JjIa .lAjl^jj jt 
IJbb a AJ AjjLub) Aibi) ^yi ^jj j£i diA 
(jl (jb ^ da^bl ?<Lbbl Abb) ^yi 
^ bb^ ^ j!b) ^Luuj b]j 

LLujV) 

^Aj> iu*t ^ybl 4-bbi) ^yjj J^ajb) 
t^jb] bjlAJ Jb A^aiUil AjL£ ,L^j 
Q jb)j bj ^jj-usLkJ) ^yj-ajj]) bbj 
^yi& (a yb| Jl^lbj jlajj bjIjJC'LulJ 

L-b£j ^ (J) aC5 ilb) ^jbl ^yi 4-ajlb) 

><B yiS*Jj blba-uujj ja Lab If AjIaaLa cAjj^jbl Aj^I jl\ bjj£|j A^Luta uijb { J^ ^bj l^Jli Abb ^yi bJal^a 

Sjbj ^yllj bA .jSLuLbl J^ ^gk AabVual (jLabl ^a ^)j£b Sj£)b) ^ f Jail I^A ^iaj l^Jli ^l^bl Abb Ja&j ^,jSj (jl 

; IjJjUj ji A^uslbl A ja jbl ^l^bl Abb 



o 




jbil ^jjjl 


^1^4 JJtbl 
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• PMs f a f ey) 

* Qo j^X o- 

- 8<*rt [ l SoJw) 

. f,A^ uf axy^ri^ 


3ajvu/\‘&™£ <rr * 



tK<L*t 


QocJ ^%sl| ^ 


Plan your quitting time! 


I^.aj.Aa c-j^UxaII ^ Aji^j A3jj <iIbA ;JIaaJ| Jaaaa .laIaIaP' A^ja l^uaau .Ja£2 J jaj 0 jj ;IaA <jjja La£ 
JjLil (jiaau ft$J) jaJ JajlU ^bV! A ^ ja£ jaJ) CaSj £)a JaIaJI bli I.X5J ,S Jau A-iaIc- A.Ixa.1 

(jl CjJjI j£] ,Cj 1 jjjull ia aV {y* dJji^A SjaS lAjlgJ) <jLaa]| ^a AJI Jja-b IJIA j tCjla ja*A jaJ A^^ja 

0! AaajL^ jja! CLluua&aI b £aa!ujI £)j JajI bjj .Aixij Aj*JSl La ^ ja£ jj ^Lii 

( jl^ Lilbyi A^Luu ^hVu*ib Aj&aSJ 22 l>* Jaxa laaS Ja*J| ja£jH ^uaij .^jjaSaWI ^Jajj 

jjjJ^a^aJ) £^ajJ jUHVb Ajj 1 </ijj Ja^V J . $ja ^jaAj JxaJ lj)a^4 t**u *il ?V tl u ?A^a 3J 22 bbb ,A^uiLut]| 

flxuil (jV B ^pUl £)a J™ lj^ ^^aaaIS J>u]| <jaa! .CjIjIaitII jaJ Aaja]| JaxJI AjxJaj LasaI ^ilVul S& 

.Sja^Iaa fli]) tuApl aaaV ;^jaJ| j)Ja ^ic« Jj-laJ 


- j ,1 a f^ui 1 fljten Jja-a dul£ j] ( ^ 5 1 ajI£ LjjXi |Jj^.va ^il\ ^I^aJI (J^xj JjJjHj ^j2i La UU^j 

Ajjuiaj ^ CjUaLuail d^A ^,^Vu^l Ia JLuu ,1^1aP Jl^j ^aJI f LaaVI jIa3la]| qaA 

jjj-uaj dL^jj UlIaa j£ Jxau c^jj£|1a ^a ^I^a Jalk ^jj jiju .1^1 IaJ^ ^IJajI 

JjiaA ^ jjj£j Ja^I tSjjaJl ^ ^jLuia^I j cCa£ i^ll jaC- .Ajv^ jj£ j AjjJa^ diljll! qa i^IaJj 

AttVi (jj Jj^laJ) ^ Ia jj^Sj ^ c^TmAlj dJbj ^a A^jaaj jjJaH iiluiij iao ui j-uj a dUaxA Aa^ a ^b ^bll] A^jUa^ll 
^aI^-a f l^J) ^ ja ia^V .^luaj V Ia j ^luaj l aP Aja^auaII ^UajlaVi Sj£Ja ^ CjUa^^Ld ljj£I b< jaj1| Ia 3ja£ 
^JajlaVi Sj£Ja CjUjSa ^1 jA j c Jija^Sa j Aa£J (JaaII cbHuA jXu V .^Uaa 5 c ii^LuuA]| 

J^laA uii 1 jaII uiJAl Ul Iaja^ .JaxJI la 2JajlaVill AaaAI ^jaIj ^ jA JaslSI ja ^ja! JajJaVill .Aa^^aa]! 

JaJ^i qa AaI^ SjIsj flUj ^aaaJI ^ja <jl bb^j <j£aji]| (jA IJaJ^ bAAA ^lauj ^jj£j IaJj^ Ajj ^ ^jJb c^Laa AaaaWH 
^ Ajuiaj Ja^I jaa£ Pjjaaa tilbA (jj&£ CjIaaaUa]| (jl sxj ^j cSjaaIaa ^uaAJ| <jl JaS b AjaUa-a 1I A^tjluiV! 
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ai (jbbl £y a a Lb jj bibb I AjSbia) £i\ jj£ (jbauJ Jja£*i ^ iWjiSlj cMOOC J**^l I^A Jib iAj il j ill Sjj-bl 
fl£jj| ja q\1 £jb]b a ALbb! Abjill ^bl CjjjIaj tilji JjIj q\ UjtLab i^jXa^ jHuj! Lil£J t^au tlluA 11 ;tilijj£ij <jj£j 
(jjjjljj JLZ ;^]xjJ| (jfi jj^-a^bibll qa ^A jifll qa jj£I .lb t Jb. AjI ^]£ /’til] AabJb t—Lujlb ^4jjJl J 431 JI cb3 j] jfba 
dljjj£i]| i^V jjaVI Aj J3j cAxujIjiJl Ajba. Jbjja ^lax4 J^Lk <^4jj]| Abe- AjI^J] fL ula A-uuaibJ) ^ j4 ^UVunb 

(JJ^Jjblj (jjAJjb) JJ*J ^JLu 2 J^i (JrfMull JjJ&X4 Jj£ IAj 1,4^4 LJjbuVI liA (jlS 4jb JJ ttMJ a Jj4J4]| MIT CH 
^ibua A^jj cbSj iatibb <jjjajjb]| fVjA (j! bth j j^VI jSj Sj4 a Sj^2 A^i4jJt£VI ^lalll .ibl j tf lj.ua .la. ^ic- 
tihbxj V J2 tiSjb^ jli £jb]b a JubU jl^A ^ICr |jjl£ j] La£ ^jjjj^uj <jji]| j-a JbaSl ^A jbl <jj£j ^jUSJl ^ bc> £4 

tilblla flg4j| Jxj ( ^ 5 jluJ| ^ Ij4lu±4 <jj£j iS ,Au2jj Cj 12jlj balbjluil qa A-bbajj Laj jLuall )A£j tib jj ^-luuSj Ajja. 
Ia£ i tiluiil] ^jjjj ibidjl jjlb (jj Jjb. tiljba. <jb (j\S Ia^-4 <j£] .tiSj^Ua jjij AoujIjJ Jj-uaS ijiLvj (jjjjjla jj blxbuib 
jiSVIj jb! Jbub Sjib]| A,4^, 4 lb f -loll Jjb. ;Vjl Aua-ubl LljLa.j JjUj ;Uf IjS bblj^jlj^ AjjISJIj Ajj*1a]| 

^bil] (jb^Vl (jjaau ^ ^Ubj JA .JAA4 JS-ub JUi I^A ,jaSjluuj ^)l Jja-aj j jjjJ j ^jj J^Vl AjLub]b A-laA! 

JIaJj "Sjjsluj Aij-ua M SjIuJI ;Sjj3Lui]| AijU^ajl) ^jjj12 j£jj c^jialb ?Ax2jb jji cbl^V A^jjj ^ Cj^jJxjj 

^Uaj jVuj 4 jji jj-uaj VI JjIaj c ( ^ r 4iju]! c # u/ai tilLg> ^jjj a Aijb^Jl qa f jA baJ) lajJaVill 

.Abajbdl ^Jj!j*J| Aajjj JjIj j£-ub 

IiJli^juUuJI jT)3eJLo 

jx2|j ^jjj U£ IjjjSj ,Aj u^ag> CjVliuj ^hVu^b tf JaJl j]j If jjj Lqjj fUj ^jb^VI ^ L-Jjajj ui jau ^1xj]| 

tiSluuljJ ^Skl1 b £|ja Jkfi <ji Jjjj dul ,Aj-aAVI Jb^ui uijjbl]| 1 iUjj I^J jj Aju Ia jj l-jjj^j]Ij ^j^lua^ JU&jVI 
Sj£l4 ^,^VujI a (Jujbl]| l flUjI AabxJ Aj-ujLujVI A^dlC' Ajjj ^£j])j a( jjl^I]| ja]| JjS AbSJ j^I jb j Jlijj j 

I (jbuj ^bi]b ^jj]| a dsL4 ^luaj V Uj ^luaj La ia^VJ ^iSlJAV Jj^ajl] ^j^Ul CjS jll jjjj AJij^uuj ^li^4j Aj^jj 

^ cj^.ajjI cbd j]| (j^b2! i> \\&m\ jj jjj Aj ALLuJl AbUl ^ jj j£ IgJxil hhAI ^1\ tibl^-o ^)jJ a lb jj CjIjjj^j]| j 

dililb jUb I 4 jJ J^l . Sjjx.ua 11 Cjb^aJl qa AluAuJ tilbp a ^Laaj I^jAaj jbwa iC'Luoj Lb l^j£ jj£ij]| 

Ujajj Lib ^_Laj L 44 tjUaHVIj SjLluJI jjxb ^Jljib^U ^4 Uuiaj b a tiL ^jblAll (>j aa jjl]j til] SJ-lxb 

lA Jaj ^b ^j]| Cj) JIjaII Ajjj I a A, 4^,4 fl^iljVb tibbS CjlilbJl Jj^b bxj a cb£j4 Jib J^xJl Ajb jjjxj] A^jiJl 

^llaj]| AiSJl c_iuij£I a Ajjb qa 1 $ JlA ^UaS Jib JajjjjJ! diA ^b]d j jau JjAa. bxa ^ tibuij jba j JjLa. a uLj-uuj]| 
bki fibjluuVI tillbj (ai5 ib Laj tibliaL qL jl j ^iab]| jj£illl S jj 5 JVb ±^j J-axj jl jA dJjjj La a Ajxbaj jiJl 
±^l V a uLjuu]| <j£ tiljljbLuul Ajlb I a u *tVi AJj^j llaJaA tiLi] Jxb a c_bi]| jj ( j]l]b jjxb jjJ A^ljlutVI bi£j ^jb LaA^ 

a AjjbUb jbluul .AuLuiJ jj£Vb I^jI a f^i j£ ^JLb 


:JLjuu]| ^jbaj 4 j-abl 

i L}bj 6 ^)£JaJ 

_lbjJ Ajb-a CjLjjJjj CjUjI juHj tiLbj jll 
.^b-all tiLl^ jj Jaj bl CjUlbll ji.1 

_t_kj^joall Jajl_5^)1 I lakj 

JjJ^ll cibl 1^*< b ^ill C_Luj£ 1 
.bjjjajll jlj-aloil ^ bLljbl UJ^ Cjl c ^J 

.Vjlbbj j^VlU 
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IdjSljJI JJL^! 

f ^A SjSlil! a* ^ij CaI Jj (jiajHij Ia£ j tL^j^iaj Sj£lUl t&aj$iA Jjjaaa tlfljVi < __ 5 a]| SjSillj Sjiill d^A 

AiAia Ajj-uOjj AajI£a Sj£lJ A-aIaj| clUaJ IajI ufljau <ji ii JSj c^lA f ja laJli I^aSJj SjaaJ! Ajuujj ^ja iaAS 

Cojli djj Jjla ^J) jlajj c-ilL j] ^Ua . jA,aJI AjjjSa SjSliJI £)* f JaSaaj IaJ&Laj £j\ I^.i^aj ^aJIj 

fUaJl AJIJa. ^ AsV^.u^W ^ A ttj £)(jfjf) jblklj ufljxil (jIIaj CjLjVI £jjjaj <jaLua) dji] JLulLua \j!\& 

d^A ^,\tUA jajLaI S*i£ ^^-usa Jau ^aa j S CjLa.jIaaII £la§ ^ja L-flVVb jailaAj ^LLa J</t\ u*t JpliJ £-Jaj J^Lkj 



O' ^ic- cILa ^xaa£ Sk Id b SJa]| diA (JaHJ £jli frnWj JjJaa du£ <ilji j! <ja jaa£j ja£I CjLajIslaj fcVWj 
Ifljaujlaj All lA Ajj^aII SjjaaJI j£JaJ| CjIjJj&j Cjjiluil |j| j£3aJ| djjjS Jjjj <jj tillLajj cIa <jI£a ^aLa. jla^l 


aJA 


Ai^j (jA JjIaJI ^A Jjaul Sj£)J ^J! AaI^j IjjI£ ^_a£Jj f Ia-uuVIj ^ISjVI iaiaJ AJjIA Sj£)J ^J) A^L^j I jl j £j 
CjIaLu^VI d^A .^Itll LJji j j.WiaII j jaII CjijaJI jlaoil ija ^Jl jl t^LI Aj^j SjiaJ AajaJI If^a 

. ji-u uL£j fL uaVI ^jj (jjj (jC- Sj£lil3 jjJsaa ^Uaj (JJJ^J Ca^La AjjjLaII 
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JjIa «£I2j£|J ^Uaj ljUjILa! ^j-a SjtilmVb liiU 

tilj&Luului dJA a dj£lL Lai jj Ijjj^-a IL^Ij Lu-ui Jlaj U j£Jj <jLaj 

4 l&Jlj SjUl 0 £ 4 ^uuij]| 4 ibUJl (F=ma) cr^' lPjjj Oj^& ^ 

^gk F .IAJIajV ljIjIuO ^j-a uflll ^jjLa Ja£2 4 jjJL]| l_£ijxIujI j ^jLuoSIj 

Wj (Mule) cW >j* ^ m (Flying) o'j*^ >j* O' 0 ^ 4 J^' 

<ji jA (jk 4 a^ a £)j£ c-jUujI .lojI (ill 3 ua 

OiC'LuoJ <jj Sjj-»-aI 1 ^)£-aj a (j4jVt tii-a ^ 4 jj^J| j£!j-aJLi SjJuLua 4jajjj*a 

SjSliJl ljIJ 4jj^J| ^jJallall CjIjJAj S^oilu^a l-JU- a ^,j^_La lJjuIuuI 

a 4 u*t^al) 


BRIEF COMMUNICATIONS 
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neuroscience 


A lateralized brain network for 
visuospatial attention 

Michel Thiebaut de Schotten 1-3 * 7 , Flavio Dell’Acqua 13 * 4 ’ 7 , 
Stephanie I Forkel 1 , Andrew Simmons 3-5 , Francesco Vergani 6 , 
Declan G M Murphy 1 & Marco Catani 1 * 3 



Right hemisphere dominance for visuospatial attention is 
characteristic of most humans, but its anatomical basis remains 
unknown. We report the first evidence in humans for a larger 
parieto-frontal network in the right than left hemisphere, and 
a significant correlation between the degree of anatomical 
lateralization and asymmetry of performance on visuospatial 
tasks. Our results suggest that hemispheric specialization is 
associated with an unbalanced speed of visuospatial processing. 
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II 

III 


A 


A 

A 


t 


L*l£ Jjxkj Jjjjia (jC- Ifr-u-u ^1\ 4-u^xij 1 JlJjl La1£ 

,4-uxj La j d j JjIaj (jkl\ ^j^-Lail tiLlg- 



c 4 a^J|j JxJl jfeul c 41 jVi \l£’ LajS 

£Jjlb j*Juj dilaj 

a 4la c_jijjSj j^vWa <j' c4iKab 

<ilb q\S LjJbj!j llK^j ljjIJ LaI£ 

(jj 4j ^ J- 4 ' ^lfebojl jj£jj a J-uafll 
(jl J*! <j£]j c 4 jflJL]j 4 j£j^I Ojj£|Jj Uj-ui 

ALjUl ^J) 4ixuull SjSlill 0- 4 ^jajj 

S j£i3l O' Jj 5 ^' I O' J- 4 ' O' 4-^ 

llLU jjlia Jxj iiSUA) A-LlS 

a jlj£j ,(c5^j' ^ OjSS 

4JIJL ^jk fLLlj LjUil ^,jSluu2 Vjj 

uni <ji ^dlL 4 Jajjj^lj 4 ,j # u^a»,ll Jajjjjlj 
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liuj Jxaj LaJj& jt j£j 3I .^jS) g. wa*ij 

<i!3j (jm ijxj t-*Ut yi jlj£H3li (j£jj3l La 

Vj .^1 AJjjIa Sj£!j 3I ^ j£inJ Jj113) j&\ 
jjSI CjLaj3jla3| jj£j O' ls^HI V j'O' O 4 ^ 4 
g iaVu JSjaj Jj J^lj ^jj Sja &a 

(index cards)j£j^' <^-u ‘ Sjfr 

JjL^j La Jj£j AjLa£j .UU^I 3 J&Lula 3) 
clu£ |j| J11 a3| Jjjluj ^3*i ,Luaj) Aj) ljjj) 
O' 0*-^ f bjji3) ^3*jj O' Jj^ 

jjJuj j3)j TOh <-4J 2 ^' 4^3.J AiUaj 

l_u£jj A^. A-a-ujjjj AiLi£Jl ^3) dJlf' 

.ASUflJl ^j-a ^ j*SS\ A,^,vl) ^j]£> A-ai^IslaII 

jIa jlo£ l_u£j LaJjjl2 cA-aIxj JjIaj La] Sj£)j 3) ^ Aju^aC> ^jj ^]) Jj^jj ^ j 3)j jj-ajH) jj£) Ojc-Luoj Jj 3) Jakj AjU£J) 
j£ ^Jc- jIa OUA j ) J^ 3 jjj£ AjlLaI Jjjj ^) j AiaSJ) L13 j JjVn j Lulxua ^) j£ j3j£ JjVn o' q^aj°i ljx£a jIa j£J 

.A^l^jluul J^-uuV) o-a ^jl£ UK j£jlil3 JjK f^ui ^3) A-aIsu JjUj La Cj3j^ La K .I^Ia uijla 

l_u£ ( v 5 a]| AillaJj ljjU ^3) jKj) 3 jU3b AjjKj)jj ^uaHl JlP Cjij-l^j UUila j A aKI) Jj£ ^3j A.^Wj Cjj) 
d j£Jjj o' 0^ t- 44 Lluiij j£jj jKj)j l£j]£) ^laluu ^3 )j) j^V) Aaj3) ^3^ c_jK La j£Jjj (jl JjL^j uflj^3) 

LaHC'j I^j tiluiij jalklj ^LLa (^j^I Ailiaj j^l ^ (jVIj IojL^ AiUaJl j-ua j£il3l o- 4 ^ii^aI Ij) LaI 

jjjxj ^3^ ^Luu Uj£Jj clu£ La |j| jlajjj Ula IgJal^j o' Llxa^> Uj-aj o' V^LsUoa]' o-a L3j^3 

I^jlla^ CjlilLJU iiluiij jja^j La^3^ .LjlLa j-aVI oil lJl cjjxIuu V c^3au3l 

j£ijj c^ja 3| ^3) ol JjS Lajj Ijj^a ^LjS jIsajIj IajI^ Igjuia 

^Jjli^3 U jj£ U Jjuj cIxa JjlaJl jOuajj LLajVI j)j£L LILa ^,jSj ^j!3l Aj! 

IJjj Iaj-li j|j£j j£ OAJ CL&jl\ Jj L^jjJjj cf-Luj-A j£ jl j£ SJjJsla 

SjLa 3| (jj J^lui Aa 2| jl^VI o-a LL!jjSIjj CaSj3| jjj-aj y\K a jLua3b SjLa3) 
JIa Sjxa1a 3| Aj-ualjj^VI j^Ja 3I Cjldllaj .LILa ^ jVu*n CjIJj I^-aIuj ( ^ 5 Il3! 

O^j -jf^' f^' O 4 s >^ ^ jj^ (Anki) 

AJsLuuj f La^ujI j£Jo 3 l^LaJ (Jj3a3) ja£l J^l <ji ^LaaA^U jj1a3| 

cSJjIjIa AoIaj CjIjjS I^Jjj J-uaij SjJxLa CjIja Sj£Ij3| o-a l^&L^jluit AJjWaj 

.^xujVI ASjjla oa Aj)Jj 

( Ankisrs.net c> cjiiikj ^ o^ ) 




Show Answer 

:i 5 XoJI iL^Jo dj^ljJI 


?Ll3 JjS La j^Jj j) ^jj 113) JJ^ o^t^ 4 ' jji jja^j o3i ?SJjJ^ fLujj ^3 xj ^lalujj ^3 j3 j-aV) ojLua uL£ 


AjuLuJ) o-uj ^j3)j HM A-a-uu) o-a dj£)j3) JjLaj) j£)j-a J^i (jk jj^ui o^J^ Ajjlai CjJ^ La )Jk 

.A-La (a/ Jjl^ O 4 (Hippocampus) 03^^ jLuailuj) CjjI£ ^j^a3) cjuaj Aj^Ij^ AjLaC- <^j^) o)Jjajsl3)j 

b Sj£)j 13 jjSli ^)j wSjjJ^J) fLujV) j^Jj HM O'-^W ^ ^ •LJlC' o^ O* 44 ^' 0^J ^ja^3) o- 4 o*^ 4 J Aj3a* 3) 
^ j3l j-aV) cAjla Auj^Uj du£ La jj LSj£Jj AjILaIj o^j ^3 Aijx3l jJUu o) Jja-aj o^Jj Ajla ^ Jt& OijJ^j Jj^j3) OjILaL o^ 

,Lj^jd 3 IjLLa <jl£ 
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jlu*]! ftjjj ill jiajJt Memento ^ 

<> £>Ji <> ^Uj ois (Guy Pearce) 

Luij ^uaj (jt£j iAa-I^a t a iu*n SjSliJl 
(j\S a JxL (j\ Aalc* IjLa V JjLujjj oiuA 

Aa)jJ SjL 3 Sj1^a£ fLuij flu HM 

.^■An flJ AjI £)-* fJ <j£J j AjjU 

(j a j a flu]| AAIa^a £l jjV Sj^jua Sj£ji flaj tilUA 

AjUntl (joiij l^jfc duj^i cjUI HM A^uiljj 

^aJ| JjJ AijXA (J“* 1 1^4*1 

^ fi^si (Hippocampus) 

<ja2 j j ^SsuJl 

CjLai^IxaII Q^A-aI) <JA (JJij} Aj^aJaj £La]| 

£LaJ ^-auoj AjUC' ^Jjjla cA-JLal! SjJuilj 

^Jj 3 lLu 4 J ^ (Memory consolidation) 

.CjI jluJ! <JA JjJxil 

jja! cSjJuLa AoIaxJ) Jj£ Cj) jlyjt ^ <ja ^)£ajj fJ j AaJ ijiL ggi jja| j£Jj HM 

(jL^aj Ia 5jI& o^J 23-^ cf^ ^LxjjV Coua jju Jlx ^ <il] Cj±xj AjLaa jaI a Ajj£|j 1 ^.aaJ Jaj£j f] 

jajIaj Uijxi ccaSj]| Jl jla jJuj tilL* ^ja Aax fljxj ^yA Jj AajIj dmuj Sj£iill ^ CjIajIslaJI a |jj| f] HM 

AilaU cjLj^j ^jj dji^Ab Aj) ^ t(reconsolidation) Sji^j iJ Au^ aJaxj u jjja! j£z ^ u 

^^UL) ^CAiil AaIaC' (jli jLualkLi a A Cj^a^a2) ljK^I JtiJaVI ^ Uuaj l^L^jj l^l jjS| Jj^aj AjSjIxJI Aj-uu 
^xuaxll tiSbluuVl ialiS jjjIsjj tillij ^Ja2| A-LjL S^J! AJxil]! Aa^jaJI dj£li2l ^ AJIa Iklj (jJxxVl 

i^Ujiuii aJj ^4 fiiJi aJjjIs cjLj£iu (^Iajj (dendrites) AjAua*Ji L!iUJi cjUuaj ^ (synapses) 

AJjjL dj£)iil (jl\ AjJl^l q£aj ^Lxuj ^ £)j£* Axaj1uua]| a AJxiI]! AaSjaJI S^ (^^^t^ull ^^Ub) 

,(ja^VI (j^lSb) c_u£jSJl dJl^j AaIaju A.ajA' 1 ^j£i2l JJxj ^JlaJbj ^Ja]| 



* ; ciaj-ttji o^j£ta2l 

Short Term Memory 

Active State “ 
AS 


iaa&jaI) S JlP ) 

Reconsolidation 


^OxJl <LL jia 3 j£l jil 

Long Term Memory 

^ Inactive State 
IS 
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Cj-Ixj Uiajj ^tx.jluiVt A-iIaxS t^adt A-baP La£j .Lbal jjxjj A.aj.Vfrl) babj£j SJalx f bui) LLaIaj 1 jl 2 IL4 Aiajljla babj£j 
ui^uj A^Luj Sid <—iJji |j| .<jJa£J 1 ^LuJl ^ja Vaj ^l&ai! flaal AbbJ blxLaa dja ^ixall £)-* 1 -^j ^jaJ) b£ j 

Af'luj IgbajJ j] L^-aiftJ ^5^ ^Ijd! J^aAll jaC* jg^ (j£ jjjL2J j.ujC' dal ji (Jbub a ba^v ^a (j£ab 

cli^j l^jJlxLuil <ja ^lojlui taaj SjtaJl jaixal <jtxaaVI JJfujj ^jall bajlabl | 3 ) lalaa (jbaillt ^ic-j c jl^bll J^tx 

.Uuj-uu db Jxj ^ui^jIuj LgbSJj jtxlaVl 

L£tx]! £)* £LaJ! dbaa Aju^irll b^lxU AilbaVb 

‘(glial cells) aJL^' 4^1 A^idt 

SjSj jibi ixi <^a (astrocyte) Aj a >i\ i l^ujij 

lailxaj Aju/a«.ti f|J*Jj Lr ^-2 £la]| 

tjk .AdbJI bVbd) ftidJ Jxib j jj)jdl 

<jjllb Ajax ill L£JLxJ! ^jA. A \\ Sj-uiSU Sjj^dl dJA 

SjSxaII £jiSftJ JjjjSfb Aj ta^xJl lam 
(jadab LaA^l£j Aj u^axll b^JL AJajuja Ajax ill b^^ixH 

tLr ±j^axl\ dabid! blia uflVI 

c-jdj Lbji Ajaxill ta^xJl &JA <jl Aaaix A-ujIjJ jabb 
Ajaxill L£txJl baxuaj LallxS t^Lull ^2 IIujIuj! ijjj 
.^J-Ujj ^J*b <j!jli]| dla bixi^t £j\jikl\ AjLaJl ^d Aajddl 

balJ Ajax ill dL£lx £)l jA JaxjJl Jjjtill j! lx j l2^Lk j UiAla AJxx La AjjjJ Qjbuujj ^La ll^ ^buAVI jab Laa j 

lal£ ^aJI £fi> ja£i LLaIxj LaI£ fl£dl rbibl ^A b^lkJl diA jj£j <jl ^j^-ajI c^JbJl jLujjVI j -4 ja£l 

,LLaIxj AijjJa ^±aj*£u jjiaj ULI& lux j 

:6j IjJI jvOj.> <Ui£u'3 6 j4S2jO Olf-^OLXo gjuo 

djj Jill .SjLaJI blaju ^oilj djaxa CjI^ java AC>LLu 2 jA j£1aU jxl ^laia .Sj£liJl jxj ^k ja£l qa jxlui Sj£&3t dJA ^ 

^(rose) (Garlic) ^2iij fUdt ^Ua jib jjjSfi cjbuui iaixa ji i4ja 

.(Mustard)J^' ^(Hawthorn)jjj^jJi 



Graham J bjj£^uj Sjj^ ^UVu*<t AbLuuj dbaai GRHM A-a 1£ Jldb AajJxaVI AjLUb ^jVI l^iIJJX J-AX ^jkajj 
djjl2l ixj dja (jilja (jiJl 1965 ccbllxb l^Jajjj bad |jj ^l2jSfl j^3a bdp J^ubl ^ja gxuajj ,j£ia3! ^k djC-LubJ 
.jla 1 00 A.ijLaa] LXuuba Ca2j jA AjjIj 11.0 ^ijJl Jaa \4k jau ^j-adj ^UaL ^l2jSft baj dl£aj jj ^Jja 
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^AjC-Laa £-a iaaj p^LLJiVi ^jJaau 

(JA JaJx]| a Ji^A JA^ (JJJijLluU JJ )jjt£ IaJIC- 

3 J£-Lula] j£jli]| 4i^ui Ja^JI ^jja^IuU 
4a]£ j£ (^a JjVI <-ijaJti c^aUa]) ia£^ ^ c_£l!a]| 
<aI£ j£ £ja JjSfl cijaJl A^uoij jA 41 aaJ| ^ 
Jaaa uJa]ii ,lgJai^ (jl\ ^Uau ^H]| 4 aaL&]| 

^Iaa U jS>Ja J^uaa £. ja]| I^A J-*^a f(j-La JIaaJI 
(Sjj^a]| La£) <L*aAaJt ^QaC* fLtui) ialaJ 

■ ^ j^ILaj 

(Old People From Texas Eat Spiders) 

!3l .4jjajtb AjjJUi iaiaJt u^lwiSM t JA CluI Jij 

J& iajj <ji JjIa Ijj^uaa Uaui iai^j clu£ 
^1 (j! ib JLSil AjLjIa j£LI J2 Ia J^j <jt£ |j] Ia jja] 
.tiluiiL Aijjla j£aaa <ji JjIa Jau 


tilijLi fjuAk& SjSlil] ui j]Ia (jI£a jIuAa ^Aj &j£Jaa laC-ja Ia ^,jaVi (jj]a jj£l J^l ( jA SjSliJl j-ua2 Aaa&j 

ui j]La (j\Sa p\£> Jluul jA Aiaij (jl L^jfc Ia j£ .l^Jai^j <jj Jja ^oil ^jALLa!) jjjua 4 a 3 £-Jajj ja3J£ AaJVua* <jjj 

3 j£|j]| j-ua2 I JA ^-Luaj AjljVi (jj£ A^usaju Ij&A j J^^^aII i-*lA»JaA j| 4uajJaJ| ^Jl tiELjia jl L1 ]jja£ <ilj j£|J ^]| <il] AoulUL 
lj-lL u jjW :AJHa 1] Jjua]| A-aJ^l£ lg*ua&AA J^Ijuj V ^H]! jjaV) j$Ja <ji AaIA AajSaI) dJA <j) b ja5j£ AaJ^IuuIa jiJl 
A <^jjj A£j Ji\ p^juajA ja^j Jjaa]| J^Ja Ai^L^ t jjK A^L^J Ja^aa <ji 4 ^i^aj Aj iVill dJA ^jVu*nlj (Jasaa 
j£Ja1] AJaISj A. Wli a jj^a Ja Jajj ja lJjjjla ^jI£aj jauia iiLuia JjVn ^j*aj a 3j^i]| AjjUa AiL^ ^ja jJaSj Sjj^a£a 

a d j£Jaj (jl Jaja Ia] 



,A^AjIa]| dJA ^UVurtt tiU^AA IAjSJaa] AaaIS <iLj]j <iLj] Ia Uaui jj jl ^Laa^VI jl Jajaa]| (JajJa clu£ |jj 

CaJ& IaI£ I^jaJHa) Ia]£ ^j£J j Ia£j tiSilAJ ^ AaaIa Sjj^a ^J^Ia^I dSjaluu j AjJaa (JjSmm I^a lgAjVu*t Sja JjI 
AajIS ^ja ®/q95 Aaaaaa Ia ^^aa Jd d^)£|j]| A^jjia ^hu *n ^ j]| ^jl ^]| CajLaI l j LujIjJ]| ^ J^l a ^jAjjjj ^ua! 

AxaIa (jiajVI fLuiVI CaUdQj dia^ ^^jjjJaJI ^aA i]| J^aa]| ^ja <jajja jj Sja Jxa <iUjj LJaiji- (50-40) 

,AaIaa 

Auxuaxil CjI£aLuia]| ^ja Jaja]| Sj-aLa ^a-lua ^J]|j Jlj^U Ikilj UjjJj ^xuaj (ji jaJaI] ^j£aj ALj]a]| dJ^A ^ca]| ^IjVu*<Ia 
qjjJI t_£Ua]| (j\ ^]j IjjLuij (jAA^U]| <j£]j cljAjiaj ^jaa] uuC'VSfl dJA ^UVu*tl (jL jjAl jS <jjjJa]&U! a JU aJI <ja JjjaU 
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(jduUJl Jjaa AaS aj JA3 vilSj AiLualj V Oj^.ij&L JaaJI dJA QjAi^luij 

Big picture ) 4 aJ£]| sjriusj (Chunks) jssi' ^tuusi £j*aj sj£iiii ca)jji o' o^ja^ ftjji 

^j£ii jjjks ^ ^hUI) j^Luuj s j£iiJi Ja* .^ajLaI J!>u o^ji^ j & ^Luuj ijiaj (templates 

Ul£ Iajj^Sa l^utij j£Ja]| A.jIaC' O' (jA jaSVIj ^AaII AJjjJa Sj£liJl ^J) Ja£-uuj Ajxuol) 

Ij£ja AaLaIuia AaaLxJ) CaVIaa^VI dJA ^j-Lu tiSV IC'Ijj! ja£I fi X mil Ia1£ SjCuaII CjIj iVill dJA ^UVu^Aa 

.ji^bu ^jSn djbui^i 


Sjj-ua fUo] AjLaSJ jJu£ 4 -ujj^ jaVI t^jiluoA AjI Ja 2) AJI dua> cj£iHl J^-uj LaK alfc SjSliJl 4lua& dujJ LaK 
jl^JV CjS \jl\ qa ^jIja jl JjaISJ JjjiluiA J2 lA -ixj (jk ^ J^aH <jja-JUi- Ifrauia jj AJjIjlaI Sji^A 



.AJaLaa A.a^.a 


^-2 ^aaUa laUaIuuIa l±u IaHC' AjI ^££a O' 

JaULO iajj ^ Ca£ jJl <ja Jjlilj j Aoujljiil SjIa]| 

(jj&4 <-i ij-uj. j ^JaxIua l^J c*1a^A ob AaaAI jaSSH 

Ja£2 ^JxJUa .12 du£ jl Iaa jaa£a ja£I ^ajla lj^UlaI] 
Sfli&j CjV^U-a 2| dJA jLua^luuj O* Q^aTu,.j laIaSJI ^ 
^aIa JjSa J2 .AaaIaaJI CjllaJaaijJ CjUIViaVI jj£I 

±ul\ j£ SJjxj nj$A mI AJjUlaI A£aj pjjjVI cIujJ 


AJajjjA (ji jj ^L^aLk CjIji^A ^S^HaI (jC- 

q£Jj j j£lU! dJC'Luuj (jl I^.Kaj Ajjjslui 

U (jIIa ^ O' O' Jj^ 

.iai^ Aa]J Jj-uajil Jjl^j O' 


!6j^ljJI j^l^JLo 


l&t^jjj Uulajj jj£I Aijjlaj ^hVual Aoia£ ^iuj IaII^ 

oi^ J ( a 5^ Oja£jj AJa°ilAAll OjC'Luoj 

A-uujj]| jlSfiVI tililjj ,<ilj.jSlJ Ajj^j S^LaaI2 A^aI^ AjC'I^jI 
Sj£)J ^j-AlJaj AuaSUaj Ua£ :OVt l^jjlajuj Ua2 ^aJI Sj£lil! 0^ 

A-LjJa dj£li 2 l jA JjVI OjjJIj Qllkjj QauaLuiI 

O' J^' O 4 JJ^J O' cP! «0J^' 

^ CjIa jIxaJI Oj^ 

A-LjJa dj j£)j 

iiLjjJj Sjj£ Iaj O' ^ 4Jj-uj djSd jA ^jj]| (JaAj jl j^j]|j c_jjJj]| 

Oj&Laj j^-2 ^_a Cjfijil A.^I.aaII 0^ lA^Jj c^Lj dJC' Af'Jjjj 
SjjluJl£ ( jAj Aja^iiSj AaSj^II Sj£iiJl jA ^jIaJ! , Ij£ja |±u OjSf OjLjj£j flL 
IaJj&£ cAJaJUll Ojj£|1j jja! jjj) iai^. Ja^ Oj£aj .A^j^aj ^,\au ^aJ| AajJjII 
Ojj£|1j Jsj Ija^ JLuuj Ja^, jlliSfl Ajl£ La A^jdJ Laj^,4a jj AjjSj (jSoa 

Iaa A-jjASiail OjjiS A^Laa jj^j |1aj OjjSIJ 0 a lAj-ua^luuj LaAIc> AJabull 
AajISaj Ajj-uaj SjSlJ A-Alajj (illlaj 0^ .AJij^uu ^j^i jlSii Jalillj 0^ 

.aJa 1a 
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U Ija o! Jxij a t*2jj£|J ^<au lJAjj^JI <iljj£|j ^tlaj CjIjjS J^tiluil ^ Cj)Jj tit 

La f*ui AC-Lu-Uj Aj J^\ AjJJJ ^ P J-u3J-a]| jjt^JJ td<jl JjIaj La] L^LiLa JIaj JLuU dj£jj 

a Luaj( .iiLa ^Lt ^Ia j) jS£l\ i J-ua2j Lib <jl£ Sji^aj ^Wo/iU SjLj! jjS) Sjj^lt dull La1£ &j£jjj <jl JjL^j 

LLi] Ai j]La]| A-alajSn jt Ljj^iubt £-<a fijSh ifljj JjIa b SjLa]| huin Sjbua ^Mcja-va Ac,LLu2 jA lllajt jSLii] jL\ ^ULa 
jj^Jt j-uaj tdj£li]| ja^S AojAj a j£Hl] A^Uialt J-A^Jt ^j^aLaIuu (J^jJ-a]) £>* ^L*JIJ ‘Stjb-a jt Jjb-ui CjSj£ 

a d j£Jj Jjjj La £±a*a 1 (j^lLk jLuu AjjS Alujy j ji jjj Lbj£)i CjIjJSj SjliluuVL Ll] ^Uuij cLLi] uflijlLa i^uLa 

cAj j^uu Hj j£li AJjjiLj A-aLu Jjjj ba^a Jl£ AC-LLuaj Jsj^uuj LlILaj ALLS ljIjL^A)j Sjbua CjI^ AC-LLuajj 

U5jA^ I^aUaj ^lalt ALISjlSI LILuLa JjjlLui j Jjj-a£- JLuu SjLL) ljLLLuuI LIILaj ilg-A^jj SjLaJI jai^jj 

.SjLaJI <ji 
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jLlxJI Lla ;^j|jll (Ju-asit 


























idiljjiU jjUsJI JjlLbjs jjjxloJI fOdJbuJI :gjljJl JjoloJLJ ctojiLo 

t 1 ’< 1 {jlc- ftjjj JfrLuili.il ‘,y" ‘ "V'j 5-sl^Jt jlifiSn SjjjS <Lm£ lift ^ w k«"., ■■ 

a ^£jj2 l_uI uilxUal tjiVij tj^la ^Icr JaxJI f^Laj j^a ^jlauil uii£j tUA^jLutlllj CjIjUIuuVI ^I^HuAj <il3j 
^jIuiaJI ^ ^Aall Lja^j V ;Vjl UaiH (ji llilc* *LaIa SjSfl LlU^S ;L1 j £-aj a iili£ CjIjLSIVI ^ ^Sjbl (j.utVn 
(j\jl^£\ (jtaxj B ^jbua Sjjj ^Jl UjLajIxa]! <j-a AjSLuaj Ajj j^a A-aj^ ^jj j£ SI < flj^j w 4_llaia Sjj-uaj ^ajUMI 
£)* gjll (JA a A£jj* jAoj A3 Lli JjS (ill A^uilb AJUau dul£ ^Jll\ jj^aVIj .tiLbuluul JaLuU J^Ll Jptxj ^Ala^aj 

tUAxll (jaIjlIaI AouilLj .11 j-ujj jjSI (Jjujj! Ajiul cAjLuIujI JjIuu dJlpj t^Tte lAu LaA^ ^JjxaJI jL^JVI 
(jiasu Jjjxluu j-aVt (ji 1 j ij*\ jSJjj (j\ SS&j a ^J Aouilb LaLaj A-aj^La jj£ AjjWVt Axil qj£j lj!jo£j ^jjj-aj 

(ji dUxA c^x-ula j-gI l^A j .LLUjIujI ^ AjLujISjjI Ag-lu ^1]| lj! jHiJl <jiaxjj Lalx jHuj u S&j\*a ^wa^.1 UaSjJl 
a ^LabU AlA La SjiS dji§ tilSjbua S J&l2 <jl dJA Aj3j-aJ 1 JaUxVl CjIjjS jjxj <jl Au l-LuuSIuj j b SjLa]1 £a ^jl 

: JLa^dld I LoJsllo i 6;5 


gStjJl a ^ 5 xll ijk Uljlui 4 (Jj.utVi Aoiu£ ^ UA ."^uj uL£ ^iu" ^a f j^Jl ^ la^ j-a 

^jIuu-aJI Jxuj <• J^l JS-uu ^aJl UfijXJ La UJ ^a^LuIl Uljlu^a ^j-a £)l ^jlaluu 

^-aJ! ^ Ajj^tll j£ (jl ^JjLuJI ^ SSljju US b( jjja 1]| iilLU IgAiaj AjJ^ jUafij Avj^^l ajUMI 

dJA ^j-aSjj a ^UU Ajjaua j-uaij^a ^ ^jj j£ S jj SJjA^ A-n^g> L^Lk tilUA <j! UISJj cJ^UUl AaC- ^jjSjj 

ls*j ^(Hippocampus) ^ ^La 

^xuj dAaA^ jjjaj flxjl AouUlU AjULSJ A-al^Jj ^jJalU ^ A^l 

.A^aUxUl SjjA!) ^ ULLuiiU ^)jj 

SjA jJ Sjj-ua jjjaIH AoAaS ^Ixjj jli Aj£tj*a cIlaj cAjj^j ^ 

U^idJ Sjj-ua AoilSJl ^jiajsLLuuj IaLj cSjjUa] Sjj-uaj 
A.-aj.^ll A,j u^axl) l^j j^Jaj c^u^avll ASJala A,j u^axll 

jlill ^Ixjj Uiuj a i aTiAa |j^L UilU! AajA^ Aju*a* 11 L^lSJlj 
dAaAaJl A,j u^axll U^UUl uLIa jj ^jj cAla AjjUaAll A.a^.aII 
iiljC'Luu c liSAj a( jjjj^aJl ( jjj jUaSl J^a2 ^2 a^LuUl 

ji Laj ^dAai^ jj-al ^lu dJA dAaAaJl A,ju^axll U^LSJl 
AjLui qa SAjA^ ljjI^j (j ^^jli a ljiJaLuu 2 l^.a.^Vudi 

AojbuaxJl L^LSJl JC'Luta (jjjjaoJl (jl ^LajA^U jjIUI ^a a ^aA jlL (jl 
(jle> Sj^Luu-UI (jk AUIxjL ^ojLL ^aj-aa]li a flSUl SAaA^Jl 
^LLa jlic- ^1 (j-a jjjSj jjlSI ^ ajWlll ^jluu-Ul (JJumsS 
^-Ul (jau ]j cAjjj^JI tiliLua&i JS Ala AailuU du^. a( jlj^uVU 
AxuaUjJl uaUJVI cP (j^jlAail Jiij Ja^Jl f jjuA j 
ji ^ij Jji-uu (ji t_ 4 Aj UAj (>a Aa>Jl ^JL^J AaIj 3 Ij 

bC5 -ui) jiJ) jLuaaJI ^ AxaAl f Ij^Sfl jiSl 45A Aa) jilj A-iUaUjJl l)jjLaS 3 l 



Hippocampus 


J^lj-A-i jlaII jjLj A-ilag' j-aj a l A tluLA a ^jjSj LaAa^ Jal2 lai^j Llj l)SJj w^j-all ^L&jL ^jluj A vj^l ^SUj 

djUill ALajj a (i!2ii Lll^a j^jj L^jjA^ jSjla <ji LL1& tAia,a clljjS A WUa cILLu^j Ijlaj LaAlx£ .ALsua A^j^ 
LIIj A^uiljiI2 (jS] ^-aJI jjLj ^ A^jaJl CjI jjiJl jjSI ^)-aj a ^jlll ^1^ ^JjVl Axil ^Ixl A»xj^Jl 

j^ull ^A Axaou^ll AjjjII Auj ,^-alC' Jjl ^joLxll UISj ^J-axJl dljJl jl Ajaj^tVill AjjjJI ^11 SjSiJl 

c^)jx!l Aojjli Sjj^aJI diA w Uli a UA AUajjXAJl Sjj^Jl LllS Ajj^ull ^jjxll jj^a uftH ^j-aSj ^ill 
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4 ijilal) liA ^ mil ^ i 43a Jjaj <ilUA .4,^iua.ll £)-* JJfj fluj ^jluifl 

.<3**^ ^ <jj3 ^1 



ijjj m 4jLAJUM^ji\ ajjjJi sjS pj<;r^j v (j^Laoivi o- 4 *bi-^b 5 (j^ ajjj ^ .i^a Ijjj (ji £±a^i\ ^jiL^b (juuid ^j 
Juilui Ajj^jlSI ^LadJl Zj *uiij 4,j u^a.ll L£laJl <jl£ c<jLujjV1 j-aj ^ <jj2Luu Jjl J^Lk lj-uuIIa SbL^a ^uaj (jllaJl .ill 

(JA Ai^liJl CjIjLuiVI AjjSj ^ 
AilC'L (jLudjVl ljLusj La£ ijmll 
lift tlluA . Jj-aaJl dljJl ^ 4 -ajU 
j-uu i*i a*i (jSl j . JjLuJI ,vi*i* all jA 
C> ^ ASjlua <^Aj 

^ UlaJl CjLuiljill 4uK 

AjjjJ) JlJjluil £)4 Cjjjlu-oLjJ 
B (JJ*Jl dlLLj-AJ j!>Lk (J4 Ajlajuj^j1\ 
c^jLuoil llA (j jk LLl Ci iii U£ 
4i^j c^jlaj 4J1 jjC- 

jbuVl Ajjj A-btc- 


Vjitf, 

JHfl 

4 v/ 


Sue Barry 

Professor of Neurobiology 
Mount Holyoke College 



4JLui (jA qjj-aHI (j\ <iljl 

i£tll C-JJJC- (jl 

j-aVl l^A Jjjiluu ,4 jjAj 

S jail) cAjULU Aljla SjjS 
4JIa ^J| 111 Ija J^jj ,4AjaJl 


Sj^iS AuJla ^ 4^aU .£laJ 1 ^ uftll dJi£ £jjtuaa <> jflaj U£j .flxaJl ^AjjJAaj <juo 5 <^4jjlti .<^44jjll 

^11 Hjl^-ll ^A dlj cAillj ihjhVillj c^klli .Mill Jpatia ^ ^Luafi Halil £uaj ^ JjlHl f j^Jl l^A c^taill 
^luaS tAag>l 4 * 1 ^VI CjU£j1uJ| Jja Sj&la A.jbg' 4 j J>lb ^La^l SJa ijH La£ . jlu£ Ujj-1 

(jlatj&t jj4 (jlsu ^Ijfc j^iaj wl]j <1J c^Lai]! SjJoS ^ a jaj JH£j f jll ^Aj .dljljill jUjIj JajJaVill 
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4j&\ aWVt f 45 ^ Aj£L aJ AJ&uu 4 (EVR) AJijllj uftjSfl i-A^l <j^ajAJ ljL^a 4 j^l JlUA 

Jibuti A-uiij jJj Aj£j cAjtjjh AJIa ^ IJjj jijj-a fl£j Jjslaj £Luj |JA <jl£j a Aj^LaVI A^aJb ^LaAS) S jJu2 ^ 

c^LjJa lu£j uiUbjj jljill Jliul (jl .AJij^Ij AjJia tA jj) ^ic- j£&2 .A u^tll AjpLaj^VI AJIS^Ip j Ajjat^ AbJLa ^Ijlja 

a A-uiljj]| JjIc-12 ("jk di (ji ^bL Vj cAjlil] j-aI ^LuJ! <jl Jl13 (j^lVuit i a Sj-bJl d^A j^^l c_jLuJ£I ^1\ AiLJaVb 

.JSjU*. ia ^xa^> ^jj^uAJ ^ LgJxJuJ <ji Jli^Aj <jja j <jl Jli^Aj Sjl^-a Aj|j ^ ^ ^laul! J^l ^iullj 

.brainfacts.org £a>- <> 40 ^' ^ oi ‘^ 4 -tfi 

£ 

ICiljpJlj ,jiajlj yJjjO <UJjuJU 3I djlsUjull cLujJ] 

AJLjla ljJI j IaI£j . JBj£ l^jbuluaVj Jj 4 IA j£Jj] Ja £2 (JajI JJaSl (ja S J^lj ^jAILaII Ajjuaj jj SjUlLuj! fLuul Jju 

jjj-uaj <j| _Ia Aj&jjJaj j^l UjJu Ajluu La UjJu <jl ^LusjV AJLjla ^ SjlxluiV! .JbaSl jaVI jb^a cAjjjaII ^tuajVI 

^j-uabjlj f I J^lt S jj-uaj (jJjVI Ajjuajj 4C_iijj^JI f tc- j l^J) ( jl^> Ljj^a AJajjiLl LaljiaJl <jajJ1a 4 L/aAjaj^ull jt£$VI 
AjujJa ^ij (jl Jjl^J du£ |i) La I a j ijSslS Lj^Uall (jAJj ^ualL <ji AJLui ^ ^jSjLSASj^ A Vin "jjUall A£jLq 

AjjoiI a JaLualb Aoxuuj (jS^j 4 Jljj-bl qm&j j aL5 Jba jLu£ a4l]j t^bj^-SJl jLull 

.AjtiJj 




Potential 


Battery/ 

Pump 


IALaj lA Jbulujl ji CjIjIjlLujVI AjL^lj-a 4ljlLdlj (jj^J tljjJaj jj£I ^jluu-b AolC' j£jj £\j^Jat^Lbuluil ^SjjI bxl£j 
^ S^uij Sj^aJI (ji 4 ^jaJI j CjI jlxluiVI ^UVu^l J)l \±Lui^j jj£I (^j^U AjUIujVIj 

JIa-aII ^ (l^UU ^LujJI JliH (1)^ Jj 4LJJVIJ (l)£]i JaAS (JAiJ (J^a JLuU ^JslUU IAiLj (l)l£ 4(J^oi]| AIjva 



jjiaaj (^-a1*ji 

J-ujUiil (1)^>^I 
4 JIj-a]| JjJLUJ 4J-U^ 

cL^ Iaj 

^2 (jj)j iIjaj^II 
flixl jiusiaW JLuJI Jj^j 


j^aj CjUjJaJl 

dJA d)jjj U£j a Aj 
A^ja^aI Aijjla Sjj^a 
AJlb, JIaj Jjjill 


.1886 (^jbbSfl (-r AjJl£VI AjjLiAj£il SUaJI >\£xa (jf* SjJLua Sj^Lui Aal^b AjjjJ SjJoj (j-a IaUHj (jjJbJl l_u£jj 

.SjjLuall l^JbjL I^jlLu^j Ao^jjll Jajjjjllj 4 Jijji]| jj 4 <jJ jiil Jaj| jjJl IjIa^V 
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jaa jAj bAajjailVI ^1 (jlSa dbail Jaka a 4abuluj| JjIaj ^ill ^j^iall Coll dab j^llajj (j| bAdjVI jab .\iall (jaj 
£jka c_bjb 4_tbi (ila-baj (jjfbaa uh£ Jakaj 4aja^Jl <ji LH J-abudl (jl£a (-id jl a( jalAull <ja £jl ja£ 

jJ (jjalJ (jjaalSill 4ab tfbaakll ^ Lai .jiufl ^dj ^Icr 4-baUa 4aaaad 4 jbtj ^ba^a (jl (ja jli^ (jklj .Sji^> (ja *baij 
< b5 £jj 4 ^If ^ill ; Ja«aalb ^4alba 4 Kb jJ (jjalJ (jjalVIj a 4a^ja 4*iWb (illilj (jllk a IgJ ^1]| 4-Iailb {4a^ja 4 W<t 

a 4ua-bll 4 jll <i *i jA (ill a! 


Cation 



Paws = "paws"itive 


Anion = negative 



onion 


a la 4l^ja 4_ualaa (jj£a (jl t^ll (^axa 4lilfcnba ^A 4jaaVI j£ ,j1lS| ^d (j£lj etajJ 4ollaa tbA^aaball (jjka V 
( jill 4a j£ jail Sjkib (j Jla Ljbulial jadja ^d 4Alla 4aaAl Cald (jjka La ljaa£ 4iaaVlJ bjl^aa-balld .villj (jLba IjAlSa V (jklJ 
^Ijkl ^d ia£a bal^aabbll j CjIjUlLuiVI (jl 4^laaAvU jaaall (jaj a 4^d Jjt^a ^dl ^j^iall ji AaLaxll uilk jjvaTi 
; Jlldl Jaaau a 4alalk Sjjjaaa La 4bkba ^d jaSiall 4—uaaa ^Jda jlj^l ; L5 axa ( _ 5 allj [Xuu JaJL^j 4il^ (ja <j^tk-bVI 
^Lal 4aC'l.ial baljbaa ^aia (j\ 4JlLab 4ilaka SjaaS £dlja (ja l u/f % ^Lfra JijaaJt (> 4^ja'va (jC- 4jaaaaa *Luad Jj^a 
Jja-a jib j^yflill <ji (ja ^£jll ^Ixd a< ^jllaj-uj ^jj jj-a^j ^d 4-dbilj 4^4\ia 4juiVI ^MVuat 4al^li ^ -La )j£jJal LJ^Uall 
^ SjSil! clmjj ^d JC'Lubd cbljUluiVI Lai a 4iJ ^ujj 4JjaIxjj Laj ialia^Vb ^SJ ^-a-ub l^Jj VI cJai^ll 4iaioa CjV jbka 
,(-iliui ^jj ^bVuab Cjla^a^vall i^i £Lub 4ubb jaVI a Jxilb SJ \j^ j^all 4.j # u/M.ti b^liJl j Ja^jj l^JV iilljj ,^SJijdP 

,jjJj La Ljbuluul JdVI LliC'Lob CjjjUluuVli 


jiUaJI jdO SjoaJLJ u^la \J 

4j ^jAj La Ijla^V t j^\ jjlala ^ <^LaijlaLall ^laVual 4jlaC> Sjlaa < _ 5 illl 4 il^ll Sjlak Jijau ^£l c-i^aLLa ^jlLall IJA 
JojIj iilbAj a lfcJa»i ^all ^jbalj-al) ±^V UjU/ual (k Joaxjj jljSall 4 jl^Ija 1| (ja ^Ssull 4jlag> ^bia a bA 

4ijjL ^Ixjj V 4 Jlaall Jaaua c Jjuajjll 4-babj ^id .CaLuabjll ^luj ^jlxll j cbbJabjll ^lu ^jjj ^buA^U jj la 

^jbi ^j-aj a Cj|jbuj j|Aa Sjj^lall Cjbujblll ^ja jJa^llJ J^Jl ^l^VI 4il.luA .*^tj ^^d SjSlI Lajba 

j ^IajIujI ij^a a 4ad jAflall Jj^aj 4 j ^j£j La 4ijxa LlXuo^J ^lubj cCj^Uaxll Sj£b ^jlka (jl (jalubt jljiall 
^d f^ui Jxd 4—uaa ljLuIujI JjA-aa 4 Jl jj-a 1| (jail j a Sjill L_ijba 4ala*J SjjjLall CjI jlaiJl j£ (ja V^ di^lj CaLa jIsla 
(^dj jj-ub (jl jjjball (ja (jabj a l^j ^jda Sja j£ ^yd 4^b *iS i^ 4ijjlbl ^j-b SJl^V Ijlabxa buald a ^jlxll jl 4liUbabjll 
cibLual jbiP (ji 4jlgill (^1 ^ial ^>VI jla Sja Jjd cbb^ j-b^ l^la j£ ^baa ufljia^ djaaP ^luaa.1 Jjd 4a^ 4JLa LLu^. 
(ilia 4(jaaaV) J-a^a (ji dj£d j£daa cJball Jaa-uu a Sj£lill (ja Llld ^aalub 4,i«.a 4-l^ja ^j .100 1 0 f^J^I 

^djll (^d 4 jujI (jaV If'jdja Sj-bc- ^djlld .S^ISII (jail (^all ^IdjVI L_ijbaa Lail^ cja*-^ jaia 4aja£all 4adjil) ^IdjVI 

(jlajaull J^Lk (ja 4ljaa£ flJ^VI I^A Caaiilua) Id) a 4jLub (jaV l^jdja SjaaP ^djll ^jbaa 4aaa^ (jaV jdja 4aaa^ 
fbal 4alc- bb£ baa Jbadl Jlbu f |j^VI 4-ilk (jalalkl! 4aiakllj e-mail 4_aPjlub Llll iaaaud i j£LbaJ) (ja 4-iHka p I^IV 
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ialajj *Ja,L (j! JjSj ^2! I Aijix]| qa ^jL ljLxiLujVI <ja ja£VI jJlSli .cjU£ ji <jajla ^ Jufil'l 
a A.jQ)au AjjISjj La JJxj J^tx ^ixjj j^Ull <jl jSJjj a £jjxVI Aj ^ijaxj La JjjS Jjxa qa VlJ <, ( j1xa1\ 

ljVLx]) fblalj c^jjIouJI jijaxa ^Uxj ,L1]1j ^A jaxl La 1£)l Jjxai |j£xa UoJu £)JaLuj La IjjU cAolC' flLj 
£)jiSjj cUJjC'J a £)bxVI Ajuj-uij S*&ua Cj)j)jS 3txj| ^]| f IjaxJl <j-a ^A jj£j £)jjbla]|j tAJjUall 

CiLajlxaJl CjIAxj Qjjxa ^j-a ^JjJjiluu ^JLUbj najA^I tilljjVI (jl& Ala V^ (jj l aluj tilljjVI ^UaL JaxJl 

a ^gjlAJl Jk Jj-asu Ai^Ha]| 



IjJj^a jlSiSf! Ailc-lj &A±k j fUajj VI c-u^uuj V ^ J ^L Aj ^,jSj La f Ijj l-lluJI ljLuIuuI (jli cLa Alxj-a lie-j 
l_A) ja ^Ifljl Aluu ^j-a Aj jla JlJC-l ^alaj ^j-a-a ^Ajj£ j gjjJa^all j£jjx-a jjjsu JA c^-a J .^jljIjiJl Ij-uul 

c-il^l ^ Jjbu ftSlJlj Lkla23 a t9jli j£*uu fl£i]| ^jluu-a a £aJaib ^ju ,Axlj^a j-aVb tiljjxba tSjjjj^aJb <jjj3 VAjjUjIuuI 
Llalajj AjujI (jja V^ jj-al ljLuIujI IjJlS LLl] Jalall SjSliJl ^uu2 ^jjfb ,Sjoa£ J-a£« SjSlJ <iWlal Cj 12ijVI 
AouaJb b*-ua jj-ai p lAab J-a*Jl Jxxj Lib £)| fix .j JA <j£J j a ^iull AaLaP LL1& J^uu La-a ccul^ j^Ja jj-aVI dJA iai^ 
^ tiSLau daAi l^j ^1 Sj£iil ^j .(EinStellung)^-^lj^l 4ijiUl LSjAua AJj ?d]j Cj±^j uL£ a d2 

^j-a dJji^Jl jlSiVl jjj-a ^laj ^jL^ jLub lAjl£dlj ftilVi ^ jLLa-a jLuu J-a3U ( Jll\ Sj£li2li ^j^I jlSii JbSluul 

JajiaJl iaLuuil ^a dLlLVI ^ala c_j|jJa-ual ^j-a Uaj^uuj IjjS Jxluu ^jl A^a£^a Sjla fuA j^ialaJl aLuaVI IJA (jlLabj 
ialil^VI ^-ILaj V (j^^l o^aLL^iVI fVjA qa lo!£ IjIj a (i!2j Uilj ^j£j fl jl ( J1^ LULlLI Jx^J (ADHD) 

^jlLaJ ujIaIL jJa-uaj j AiaSJl fl\& J^Jol <iSja £jj Jlij liaj ^aj cSi^lj AxdJ ^JlAjj ^ CjLajIxail qa jjjSJIj 

0! ls^ LL l-L^j-a tUuia c ^l^j^Uaj AJxuuIl AialxSl LLj£|J ^hVu*t| Ll! ^IulL ja£joil ^JlA 

tAh^till LL j£|J (jVj .IC'I^jI jail cjlg> ja^a ^1\ JjaTu] It 111 Aj jaj ^jatj LLlLaL ^jl ( ^ r kj Alal& dj£|j til^j-al 

CjLajlxa ^jlt* (j\ ^li^aj a ^Hxb CjLajIxail J£j jaia^j V cAj-aLaVI A^ax]| djaiSj jo£jail CjIjJaI Ay/u Luuj ^^lj 
J-a UaiUj jjSI l^JL cA-xuix]| SjJalll J-a-uu ^a]| c^j^VI fljxVI dJA ^uiIS Vj .AjLIIj AJj^uu ^-aJl Q-a ^j^l flj^l cH 
ja£l J-axU ^Ijaj id a Aj& I^jVI LljlSii ^tuad ttila^lxj j.Waa AJaall ^ jjJj La 

cAjCjLai^Ixail CjIj^j ^laVual Jja-aj j a Ll] jjJj La la£> jluu] ALjla Sjail JaaJl jl ^jU^VI (j^asu 

CjIjLuu ja& lAjj^aJ cfLuu La£ dJA At.avall CjLai^lxall j (ji LlalLaL 

a l^uajJli iilai llbl jSjju fl Aj^I^jI 

(jjjaaI] (j\ a f$A ll AaaAiil CjLai^lxall ^.jaVi Six j ^ lA jxialS ^ jxl Sj£2 ^JSaJlj 
^jjj ol A i^aj ^lll jA SjLaII loj! jx caxuai IJjIxj c ii^Luuj ^lll XaxlaJl ^LasJl 
(Jjaja LalaC' £& ij]| jjj-aj LL^LuaC> j^uj La££ .o^jA j-all ^jluu ^Jl AjJLlSI JjSslIIj 
^J- aC- ^>a Jjjj Ajjxa AoaA J JaLajI ^jj-aaj ^jl Luajj ^ll^aj tALSj ^jljji ^ic- 
^jS-ajj ^ax ^i LL1& jl SjJailb (j^jAj-aJl ^ bb£ f Ij-uuj a A,aLYij ^lftc> 

.^I^jVI j^i^l o^l lh 
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iaAjIaaaV! j£-uu ljjIajj la^J! tfihW aj La«1jjl2 b JUaa tiljf iSjau bbS j! tildA j tliutl till! tiljjj £)j caaj 

jj£ Sjj-uaj jjUi jjjluJ! life a tiljfli£ jJa <^SLj]! £)IajaV! <^k £)jLou£jum JjSLjIIj til*l£A^!j tillAt £j\ jtSfi! tibj !jj 

SfiisJi ^ j^uIa cisi£ liij .(Imposter Syndrome) J^aSI a^j^Ia t$Jt a ajjAj aj jUa aji a 3 jj*aa 

<a£aJ! JjSj LaSj cAAIjaa lj!jja Jjfi j£j (jj tilliS ^Jc-tj Jj*ui lAb! tilljSjLuu ^jjja! £)t £jj 1! ti& <ja 

■^jaIaI) ujblt tilij^aj j£jj tiluitj £Sjt .djjP jja! ia!jj! ^aijj cl_iIjjV! -1a! J^Ixjj l a ±£> tA.Aj.Alt 


:db’U> yiSJJ idjISil yxt 


^IgJ! j.Wsa Jju ^jP CjIj 3 (jjill ^jjjjUjIujVI <j^IaaaV) fVjA Ja! .ft a}?*!! jj-uj ^IgJlmtj ^ujUJl l_u£ SftjS JjLa]! <ja 
^UJ a <jl£ jiltj JL^ISj j^LuJLuj^1\ a Cj2j]| <jaAj ^ !iA bjl& jl£ AJV (j£lj .AjUlU I^UjIui! <jl£ AjV <jaj] c^J 
ja JaUu]! g*i AaULaI! CjtjbaJt <ja jjjSJ! j-uoP j^AjI! £)J*1\ ljLLIuu ^ ^jUuiVI uLjl! ^ ,^-ualAl! ^ Ua£Laa 

dJjj& ^ j jj £jajj JL*IS(j\£j . jJuC« AaJIa]) (J-uj ^ jA j ^oaII ^ A-uAj JLiLS . 1 a j tti] j a jtjJaV! ^!*1 aV! Jtilat 

jj! Abb l-i411uu Jj tuuai Jjjj S jjLaj jjilb ^jj£j £)] ^ UJ^U jyO*^ 4 * 1 (j! t j ua ^Ixj <jl£ <ja .SIjaIaj 

.uikll (jAjb ^1) cjpLuIa CjI^! ^yj-ua Jj^all ^ t^j La^jP jaxII ^ C5^"^ -AxJl Jj!j! ^ jLitS<j\£ .Cjji^J! ljL^pV! 
jULa! (jl£> jj£! j A£j^J! ljIjLuiV! JC-Lub A»bAJl! Ajjlxl! AJblall tilH cijjJIxaII Aili! <ji >jl£> JjIj tilU^ j 
I^a!jj ^jlt AjjjUual! tillj j^L j .^jjj^ixl! (j^jj jL (jJ^l Jlj^V! (jjaau jil J-aI£ jLub j^jj V tAj a u/a«.lt Ajl^lt 
,Jxj djLuuj J-aj£j ^1 £la 11 Sjliiub!j jijjil! Jali a ^jjj iajjj jil! Jb^jVti .^2^1 a l! jLa ^^Vilt cr :- (jjiAijjb! 

jjjSJ! ^j! j£il! ,4i .jk (JjLLaI! Aili! fUj J&Lub till! jJjj cAj u^axl! b^Lkl! jj! jJ ^J^iLub LaJjx^ ttillj J-aj 

.tillj c a i%L/a*i jjkV! Ajj^.^aK Cj!jJu 1 ! j-a 



Comparative study of the sensory areas Drawing of a section through the 
of the human cortex, hand drawn by optic tectum of a sparrow, hand drawn by 
Santiago Ramon y Cajal, 1899 Santiago Ramon y Cajal, 1905 


jJJ Jojjj Ajujuj lijJa jj! tl^AJPJjj AIHLaI! ^a 1( J)Jal ia jjj J-uaj ^jl! Jaj)jj]t AjjSj >jl£> AjjjS j^jajI! j^ia! j 
dJJ4^ J-a Cjjjj^t AjxjjJal! £jJallt CjIjLa^ j! j±u t^/i^LS'Ajl^ ^j ,CjLajIslaI! jjj^j j£!j-aj ^a1! ^k ^£aj]| j£!ja 
^J tb^Lk jj!jJ jaj (J-luAj ^JHaIj jjaLkbuV! <j! j^jjj .^Ixl! A£jLa ^ ^Vit! { J^> Iaa tdjjSij jjjLj! L^Jaj ^jl! 

ljUjIuj) jjjj^ali Jtjj V Uj! UA JjaS! jAauj a Ajj^xlt b^jkl! dJA ^i^lub ^jl! jlS^V! ljjJjI! J^jk ja Ajj^xI! 
,bjj£ij AijjJa jjjxj J^jk ^a HLa ^ AaIA Cj!jjxj CjJ^J j! UjILaIj <j! t^Ja!j f^-ui tilbA jll,j a Aj u^axl! b^Jt jaj 
S jj-ub! ctillj j-a j a fl£j Aj ijS.jL LuaLL^i! t jjI£j a Ajb^ ALJa ^jla Ja^ j ^jjbl! fbbsLl! ^a jjjSJLj Jl^tS ^JslA\ Skk 
ijL\ ^J! V! cAajUjIuj! JLa^L ^bilt ^JISaIj ^jjjjaaI! ^jjaLkbuSf! <j! <ja ^j]| ^-1^ Aj! jSj t JL-±IS] Ajjtil! 

J^V! Ajjba^ ^uj) SjjIjaI! ^jUa! caja .AjjjIja jA A.^lvl ^HLa ^j! JL±L£ jjua A1 a ^jJjbkjAj ^jjIa^-a !jjjSj <j! ^)Saj 
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cJoujjIaJI ft£i]| jjJ ^£j£ Laj l£±a^1\ o! JL+LZ jS3 j a 4iUalL (-iljj^Vlj djLSSl jjjxj Ajjjja ^J] AilUaVU cfl£j 
jlajjj ,^-LaaJ SjjSj jLaj Ij^uayi (jl 4 jA j-a]| jJji^A ^jjaLLJuVI Jjlaluuj ^j <^>a j ^AjjS&j JjjJa (jA Ijjjxj (jl ^.iSaj 
cjjJaa]| Ajjlaj ^-uij-uuUJ A-JLUVI £UjU <^i Sjjja 2| CjLuaS-Li]| ^Al AV Jaj ji]|j 4 <jjjjU JJjLitl^ 
ijk jj1uja]| 4 JbxUa I-IlaIj (jl£ c Jt+LZ (jLuu AJLi 4(jjjjb £jl ufljau La.IjC' L^lij J2 Lll£jj .AjujJall (jA jjilj Sj^Lc- 
^JlC- 4_utaiA Au]| JSjlj ^1\jl1\ Jja Ai^j AJUjaLa A,Li La £)1a jLaJl 4 j ^^ajIj 4-i2a]| 4_al£ (jA Jjla 4 * 1 ^ ,4-uuljjJj 
(Jj1\ UAjLj]| (j^kiL (jl SjjlSl 4 j^ 2 dul£ cLua. 44-uaij (jl& (jjjjb JajC-Ij .diilj jljj ji]| jaVI tlgjlA Ajujja]| 
ULjla Ll] 0 ) AjLa qa 4AuaWl iiiaSjjL ^laUl uiJAj SjLa]| (jjj Jajj]| (jl£ 4 JljiUl (jaAj j a A*uaijj I^jlaaj 
j jLVI UAa jJAaLl jl u££Jl jlalll <ja]jLj LaAjx2 wLLUS S 4 ija. j ^LujjIa Sfli£ jAa jlal]| {yak jj a Jjaj3| j^J IJjjS 
JbuVI (^Vj £21 j2l (J- 4 ^Lal-S jj£ A-LuJ j j^a <jaj] 4iVj ljUS jl c^Ij <jaj.1a (j a 4 a2*Ti La <jl 4Sljj) ^i I.1 jj LLli 
( v 5 jJ| jjaV! fAl (jA SiVj ^_yA dLxIxj 4 a2jLaa J^V (j| a lA jUV 4 -IaIa ^j^I JJ-ual j-aj LILjjj ^illj cA^uiljill pj^uaij^l 
J-a JljfiSfl J-aLu AoiA] <iUi£ ^)£JJ cL-iui^i ^,^ 1 *J| 4 _uj|jJ 4 jAj<t (jrfu] c^Jxa^ ^4 ij ^Iajj ^/L^LS” ^J .l^J ^biil LIILaj 


jlaJJ jl 4 j^| Jjbkj jl ^A.vVnj ^a UajJ <j^LILujj ^Jl ^Luijlill Uj^Laj UjA^ jl ]j a ^aaull ^uaau 

^jlasu jauij cLUujIjJ llua^ f^L ^ La Alai . Jjjj S jjLau I jjli Ja^ qjuaI j u Qa^11 j-aVI lAA ,Aj 

|jj c j^VI 4-ulaJl j a ti2jLjJ-^a ijSjj 4^2Lj^a JX> j|J 4<iSj| jl^Jj CjJIj LaK 4^j Lj^aj . JjA^HLi d2 ( j-saLLLuSfl 
U£ La LajU a ^UJl2 4a£l£j| lj^IAj-aJ| LIHaj V ^1 (j^l^utl (j-A A^jV CjlJlHal LI^aIjj S$k 4^jIa1aI ^ La 

(jjaxj ^ f j^JL ^,2Vi21 4oij£ ^Ixjj (j| ^,a21 qa^ a Ll2i£ (jou] Vl£jj a 4^l& Sjj-uoj JjLa j-aI ^Q?aUJl q^aSaI] (jl j-a-uaj 

(jl C1 iaIc> La |jj ^jjaLVJuVI ajjSj A.j4j5^ ^Ixj ^ U^ajj Jj 4 l-uj^ VaLuj La jj£jj]| ^ ^J^Luaj V ji2lj CjUui11a2I 
La] IjjLuxa 4^11a 2| (j^a IjjS (jjj^Jaj (joaU2li 4(jjjjj£ £-a Cj±^j ji]| j-aVI jAj 4<i]j|jjS (j^ J^2 Sj2) ^j-ajj ^ALIjj 
4 Aj ^jia (j^a f Ijj SjljVb j*-uu UxxAa^ .ljUmJI Sjj£ ^ Ux^a Ij^l 41jjJA { J^> % jlaj-uJl £jj$a j a (jjLu Ajjj^iaj 
jiyljVlnt £a JbJl jA La£j a 4 iJalj Uxa ^jliaa (JjIaLuj ^JLLIjj 4<j ILaUS ljL^uuI (jj-A^Jbj ^xa aJl <jl (jAuaj (ji c_aaJj 
^jlaluu V 4 SjI (jjjiaj I J*-Va ^a]| fLuji^l LlH] ^Ij^Vi 4 ju*n a ^LaaI2 4iSjx ai\\ jai j (jl ^ULaj 4 JI+LS UJ^U 

,^LaaI] 4 j jui Slajxo£ 1 ^-aAVLujIj 4 IJj^Ia 4^2 It Vi ^o]| 4-^211 a a *ij (j^ajuaV.21 A^j jVj^Ij a Aa]^ CjjI Laj jVjSI a 

a JLaJI JjAVi L]jjj5 (J-^Xa LllJa (Jjj^VI l^A2Jaj ^^1 A.i^^A.11 f IjVi j^Vu2 Ajtjjh2l 4^2*21 W Jxluilj 




''Broad-perspective perceptual disorder 
of the right hemisphere" 


:^UI JLosdl ioo^ 

jlaj]| 4 **i it a) La |j| . jjjjj a^2L AaxJaLa Ajuil S jj-ua diA 

ji]| 4 1.2121 j^Jaj Ua JHxa2I fjaJl (jl jjluid 4 l^j£ 

(jLui (j-AJ .(J-ajVI ^-a]| 4 Auai 4**ijl </i) AUVa AaLuu ATvWl 
L-j|jJaUal (^^J Ajtjjh jji AJIa ^ 4 j u *m (jl AaLuJl aJA 
^Jaluuj .(J-ajVI £La^]| 4 JaLulII ^j^_La]| c_jUj 1 ujI 
4jjSjj^j (j£Jj 4 IjIaxj (ji lj! jJaUaVI 2 -^J (JJjL^a2 | 

Jai^. (j^J Jj 4^Jl£L Jalil^VI a^jLaj Llua. ,uu^ 
IjjIS J iS.V^iaII 4^jUUaljj2l JjLuaa JaJ A-ia.ua21 (Jjla2l 
SjAlla ii2U^J 44 il]j j^aj a Jjfi (j-A SjI^-a]| dJA (JjSHaj 
jl 4 CjUUj^ 21 (^ Ua^ ^jISjjI JIa (^ Ajj JIajj SjLui 
^U jSfl J)Uj £)\ i j^aS 4 L5 SlalA jji La ^UjIujI 

SjL-oS. JVuj ^jJ Cj j^J| jjUaJu £jj AjjaJ jjUa^JIj 

(jjalAjj Vi a 4il2i2 (jj^jIj V .jVj^ jUU vjlij 

dJA (jl IjSjJj] AaJa2 (jjI^-ajj ^,2t,Vi JajaI Ajjjj 
( jV UjI (jA ^ij]| j a Aui!ajA Cj-ujj] AjUVI 

(jLuu A iJa\A2lj 4jVaAj2l CjlUaljj^VI (jLuu jiaJl ,jjj 

.JUUJ^Ij (JAJ^I JA^I 
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a £C-all p.iuai <jaj Jjpill Jpa AIaIa ^aL^j ^la pill ^baiAVb jAJail Cbault jAlabp CaIja-a-aII Jtic-j pi Lilli laC-ja V La£ 
La£ .J^l jplaiA pA jpA^U jlalllp jal jill pic- bJC-Luu £>^VI ^LaJII < pi pic- Liaoll ^ AaIuia jaa£ JaIj LlUga 
jIaaj vUl ^bait La£ v<j-aaVI ^LalSI i Auala ,Spua-Lu ppj pic- Jp^ua^ll p£ l>^VI pLajII < pi lIIaj ppjl *sia\\ jaju 
cbljja ^IjVuviI ^JC- jlat^A pll AaC-LaJ AaLuuj U^jjjj a jalpll A^ljJp jLulaII jbi^l p£ Sjaa£ Aj-aAIa 

JLuu ULaC- pic- liiuj p Jpj ja Uiljja £>* (j^u J^lxluil MiVft ,£La 1I pi Sjaa£ JpatiA ^jVu*n pillp vAIaISII 1 Lbulmt 
uflj*/Vn Lilli Libia vAjjabi La Axa|j-a ppj jLual pi Jlp-uj pl pljiA ljaIj Jlabl J'yrTi baJAxa vLjVI^II plaju pip a paliA 
jplaiA £>* 4bl*a La jalji a A-ujlij| LIaAI hViljl uia ijjj V clul 4jlabl Llli pia b AJLa £>* f lj-^1 ^IjVuaI plaa ja p^auii 
£>aaVI ^LaJJI (. i*ual pl£ 6^/ jjJLuiLaf juj jjjL%^ vjjbll Aj u^axl) L£laJl ^llc- jil La£ p a V USIala plb til La p jil Jabal 
£LaJ 1| i lual Jplaj Ia nj b A-aIjlS| J^uibill ^*JC- LjVLa p^ LbaAjp pllabl dapdl p^ jbdlui^U pUaAball la pJA-A jpJj ^,jSj 
LAA jJall Aa ^la pill Liljll J-axII ^Lb pA flA^Vt dlA LaIIS a f bblSfl AaIc clul£ Laj AJU^jI ^£> jUju ^jj j^uujVI 

dJA JIaj ^j£ ASjjL ^a ^siAyu j ^JUJ) SjS ^jjj j^uuVI ^La^JI (. ^ji Ajjlaj ^ j]|j LsuJIJLi JjJLy> ^uoili) 

a jjjxj CjLa^jjJI 


ILa jL-o-aJ) ^ Uj La I a J-axj LaAIc> CjLLu^JI jl CjLwajiJl ^a AJsj^uuj f Uo^i l-o£jjj ^ji J^uJl (jA 

jjIa ^J! Ailal^ c^U^Vt U^u j a AjJal^ Jlaluia J-a*J| ^ib ^jl£ La jjj <jla cSj^j-aJ! AjjiJ) 

dlALuj) dJdj V AjSIaUt jji ^uLui! dJA (j£Jj a iaSa (. i^jj ^LA^a jA AoJajVI SjU! hjva ljLua ^ljU (j^£j ^jIS a Ajj^uuU 
(. luaj ^ f l$^J4 (jb^VI o^u ^ ;ja£jH]| A-ILula ^yA dJA .Ajj^JI Laj cLju^u 2| ^a tiuijj Jajjj-A dlju£jj ^ab 
JLajaI AjlaaJj AJjVI (j -4 L)^J c^iaaIaIIj J^axJI Clu^ a JjWHt A a j a ^La^I 

lj^I jl\ Ailuij djbl^j o) (J^a-A qaSu <iLi] LAlka a A_bbSf)j ^JLaJl jUaC'VIj uial j-a]| J^i 

pi djjj (jA A^uiUil (jiiiUb AJs^La]! AIaII pjj IAjIula ^a jjsluJI iillia a (ji tAyi^/i jbj^VI jt 
JC'liail J-a*J A^iji]| LLLa ^Laj iiliij dbli ;(iljbl^l ^ ^jjjj LaAaC' La! a> AjV! ^LaaSI t luaj 

SjjL^ pIC' JJbaJt pjbjjii) jj& Lajj ,La^1a l£J ^aliJ) (jA Jailuaj pJUibj c^La^I p.jyaj ^jaj 

Aa^us J^| iiLuiij CjjIj a iiLuiij vt jA Ailju dbi dbl^ ^i]| JjVI i^fAil ; Jla LaJaC> A^Jj ja)!\ pbu^a JjLuujj 
^jbuil j piAiil ufl^xil A-ujjLa-a pA A-i4aJ) ^LjjP uLiSJlj iiliLklj jJ ^Jj]a]| JJaaj pAJ p-^ j a l^±kj pi (3^ 
db^A ^ji ^ ^bVu*<l ^ J^a V pb^VI c>a*j pia .^j-uajAJl pjjij pJ^ fl£jj lJJJ^ pAj^VI £-a 

cjjjC' pl ^iaaJI t IuuSj c j-aVI AjI^j pi j .LHa^ JaIaj pic- Ja£ jiil pjuba jj £-La^I piua.i J-asu Cja^ ,bal£ Aju^it ll 
.Ja^^I pi Ua^Jl l-a^jjI (jA Caj! dil£ j] A^aLl cflklVI piaau Jlic-I pli-A^b JJaj JjAm2I ja£ja2I J-a pi^j a A-iil 


pi tiib Jxii ^i (ilisij - ^ jLuu aILujVI pic- Caa^I aa tiljj ^La pj pja pb^Sfl piasu pi aiiai ja wLlii p-^ Ij-ujVI 

(j^LL jA j .Aa^J j-aj laIaI^I AaIc laa^I vilit JiA9U pill ^IaIaVI pi biJUAj vilit i AuiaSa LaJaC A-aJL^ AaaaaII pp£j J a ji| p]| 
f^LAjJl pl£-Aba a djAJ IAJaC JjJu pill AJailll J±ia pi Ai j^uoa ^JaluA tfla»l^Vi J-a Sj£|AaI 1 cbapll piaju p^au/aVi 
pill fUa^VI jl ctiiVJ a-uajj pi \,^,i^aj i j '\>a ^jLk jAajill A^aaIJj pliaill AjujjIj p^aai J-aIjC- jj^j Ij-a,jSa pi flii^Vlj 
a L-iu^a jajkilb ^plaii V pAp^VI J-a J-ajlSI A-AAAli a pAaLkll tiLbui-uul jjxa pi (ililii^V ^j-uoll pbi p-^J .lAlji pi ^Ii^aj V 
pAjpi pa jAauAilb f vLajII i^l 1 ^-aJSa AiaAuxj Si^lj A.vj^l pLuu p^a b Aaj|^ 1| tili ja^a fU a JaC dlli£ AaaAIa jaauj Caa^ 
jAiab dlb^a villi J-a j a ilib^ jLuj-a pi Ijaa£ lajli Cj^aA pi vdJAd^ Aiola j p^ p!^l JAAb jj v JjU pJU»L^ iLLuil A«ajSa 
jijA ill la vAaC-Laa^I laIjuaLLa pit S j£|1a!| CaLaW la! pab pl tit La| v^lxill SJaLa A-ua|jJ1| ljIc pavaII ppij ia p b laaI p 
JlaJj pic- j£jp a Ac- pa^vaII Ablub pill jLuaaII pic- iallap vAaajIaII CjljJla-All pi ialjlVI Jpla ill a l^iijli pic- 
pic- I pxllaj ^1 Ac- pa^vaII Jl jai pl pi vAiAaj 1 5 pil 5 u- 4 Sj^LLa IJju AC- pa^vaII CaIc-Laa^I pi CaLuu^I La I lip , iU-AC- 
a ppai Ac -jAyA pc- cbaju pi J^iaaVI ja$ v^ pJap^ll pc- CbapaJI ja AiJla-bl p! pi cAa-aaIxaII SjLaII 
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:OIjU32iJIj cilolisJI J^ja.aji.11 <LoJLb 

lAj .AojLuIuj!j AjjS ^alsu AjjaJ AjIj J^ ^k (2)! .jL£^ JjVuaj Au£J iliaLuu jaaSfl IJA lajaal j£l 

J^Lk Cj^ILula]! Ja ^Jg tilajjilj liMaiaJ Sjaa-uall AjJj^ 4*1 It JjIjLuaVI Jaaaaa jjllj cjlaakVI <JlaalA £)* JjJa^all 
AjjIJL a tjlSJluuVI j-a SJaIj AgLui £)a» A,aIx.jj La jlJjLa Caajli La |jl£ _AjiIa-a Aa-aAla j-ai ^l^La^U CalJlJjUaaVI 

. jLuaVI Ja <ji l^a-uiaft ^all Aglaall J*a jaaia ja£l AaaaS ^l&aaj ja&AJ <Jlal .V\"utf*l cSjLaII <jaia ^ig jLuaVI j-a AgLaa 
Jgtaall 4,aaj>sza Ajauiull Sjjjll dJA lAtaljtaa cualjAll j£ <jl a AaiA Ja ja£ja Sj 3 Jjaxll ^iaa La dJLa jlaakVli 
Skk ^a j-aj .S jLail ^Jjul Lfljuaa ^all AjJUJI Calfl ja!>U iJlJlal Jju ^laltaj cAjaaLaj Aaxaala jJaa jlaakVI AjUg Jxa ^k 
tilaLaa ^illj t A-ailS laA ^jjuj a SjJulxa Sjjaaaa A^aalaall Sjjjll iJgJ Ajil j ill cliljj-all Ja) Jjtaal Cafljll <jIa 

dJA J^^Aall A-ailS j£aa| ^a Jjl <jl£j a V ^1 L^la jJja ^jLaJLa^U dalJl Jxkal dul£ |j| La Aija-al l^aMVutil 

jaaill i-4aalaa LgJI V) (.jaaaS^aI] JaI ^j-a (j^LuuVI ^ CaJLuaj LgJI j-a ^gjll ^]g j . j-iiof JjLmjjj jjjIaaaVI ^la-all jA 
La J* Jxia <jl jA JaJli c jblk^U JlJxaaaVI AaiaS Jja Jljaall ^Jg 1 jj> a jjiif jja£j JlS La£j a Jxilta Cal Vilt (j-a 
?<>ull ^11 Ijaa£ I J£a Calja JA a diA A-aJl2 AliuiSft AjI^VI Cj^3 ,^*-L AjIaVI (j-a (j^aTil ^jL 

jSSft jl ^SjIaII lj^I jll Cj^lLdua dli^Laj j-a Cjj jbu JA >Ly i£j V A-L^ll Cj|J AaaUII AiLaVI Jj^-a (j! 

?f^Lajil (jA ^jjbulj JjS lj^I jl\ Cj^lLdua J^IaJ A-JajjaJl Ja^jj laI ijIa JA J-a <illC jx^Ij 

SaIxa ljjJuIujI Ja ?AlluuVi j jliiVLi J^Lk (JA ^j1j!a1\ la^\ jl\ 'k& ja^a CjLu^lla ^k Aalf'lLi CL^jluil JA 

A jiC-Luj La^aC- lu^I jl\ Cj^lLdua j£ f \\C -jluuj JA ?La f (jAa {jA cli^lLdua LadaC' AjJC'Luta jl 

c^-uuljJ Ja]j cLA q\S )j) *liA1 A^JalJ ^121 lj^I jl\ CS^SAua J^Ia. £)& J^ilj Aliuji CL^jJa Ja 

AoiajjC- Uajla^ ^-ujjj <jj Co]jl^ JA ?Aj5 Jjj La j£a ^b£]j ^SjpUalualj jj tilutia Cjju^Ij jUHVI Ja5 AjUxj Aal^ Cjailal J^-2 
JaJjJl AjL^lj-a dJjLa. JA ^J^il dJLa CjLLuA flj^j ^ CjSjJI fLua^ Ja5 Uuj^jj Cj^Lu^I JjI^ j-a jjjSJ 
CL^j]a j l^jj^aa. Ja t jblkVI JaS Ajl^Ij^ A.a^W CjJ^ j] ? ^Luaau Alkali ^a^jla j f^Lajil j-a j 

clul£ |j) ?jLokVI JaS ^Li ^ jail j- 4 ^fllSlI jj£ll c^iL/a^ JA cljakl j ?AjLuu til jLuill (Jlj jl ja f^ui jl Jja. Aliu/i 
La£ LaLaa a |j^ Jl^ j-al jLaakl jaajk jl .AaJaAl Cj|J AlaLuJl AliuiSfl ^1^ CjLIaVI jj^a c^L Jlj^Jl jJA (iloaL^I 
(j\l ^lallaj a Aa^lj^ AalaC- fIj^jj JaS ^ji^all A-aal2 jjx^lja LaJa& ^mj^l (jajlalallj flalaSfl J-a JlaJl jA 

JxIujI uL£ tjlj-uall AalA) jl .djaa£ A^jJa ^KKi £}* Jaja jl l^JLui j-a jlaak^U jaka^all ( jl^a A-aali Ax-^lj-a 

a j-lLf jja^J ( jA^a A-aalS f J-a Jija-aa A^-Jalj jo^aa cjlaak^U 


*d Iq hi 11 JLiui\JI ,oj - cLlszjloJI <LLLuj\IL) cJjJI 

^all SJaLall AaaLfrall ^JLuaall (jaaxa til^laa ji UaLaa u*\Ka l^a J-axa ^all Aiajlall Jja. Aajjll (jaaxa (Jlajl daaj£a Jdj jVl 
J-a J-alxall jLuu c-a^Uall LgJalla ^aa ^all AaJalSall AJajIall jl j£jlla jaJa. a cjULkLaV! jaa jk A a j a jlial j-a tilaLaa Jfi 
claauJ Ai^uJl AikaVI J^> Jxa Aa) JjSa ^all SjSill tillj Jaluiaj a Vj! Ai^uJl Alkali J^a IjjJaa jl ^A diljLukVI 
^jlall c_Jilj t jaaLakuVI (jaaaj ^all |JA ^aJaj .Ajjjuaa ja£VI AliuiVI J-a J-abull j-a ^ 1 ^ 4*1 ^all AJ&all dmaa£l Jfi jjla 
. jaaLkkiVI (JA jaaill J-a A.-ua^g' A^aaaa ^ala A^jall |JA jli cia^Jl f jaalj c(Jllj ^-aj a( j^LkuiVI (jaaxa j-a ^_aJa 
Alkali (jl La£ a jlaakVI f laal Vjl lg-a jjaa jl jl ^j-axa I JA j cc-alUJl ^k Ja2 jll j- 4 Jaj^a ^11 Aasu^ll AlkaSfli 

ja£jalI ^Jl Vjl JtUaj cCaaluuall jkajl Jj*uajllj a dlaaaVI Caaluia AJIjvJ Aag|J jVI CjIjJaII ^IjVual dlLa cjllaTi J2 Aaju^li 
AiuaSfla jjaa jl ^A AjL^VI ?Ajjuuo 1| Vjl Ai^uJl AikaSfta |Jaa ?Jxia jl dlalg |jLa a Sjku l^,Wl ^la^a ^all Alkali 
jl dlalg a t^alaj*Wa ^ig Ajujaa Sjlaa ^jll cjlaakVI Aijj ^xlaaaa La Jag .Aaagj La ^%llj .Ai^all ^Jl JSaaa ^a Vjl Aaxaaall 
tiLaJa j^^^ j a La*a^S?l Jljaall AjI SI jJaa Laa V jl I Jal cAluaVI J^ ^ ^jkua La Jag j a J| j^VI J^ Slkj ^,jSa 
a ^aall dLklVI 4 _ji jaaaa V tilala Cajsua La |jj jl J^Jl ^k Jalajju-a j La |j) (jaoaal jl AJa£J J^Lk ^k jkl Jljaal 

^auaaj a lgJg dlaaaVI cija^aa ^a vJlaAJ ^k AlkaVI <-axa^l jjka Aaxaaall AlkaVla f Jalli .AaULll dJaLa jJaa AJajIall dJA 
Jljaa {jl\ Aallall Sjlakll ^ JSaali cLaxad Jljaa Jjl J^ ^k ^ISa |jjj a J-axll |Jaa Caalutall jaaajl ^jUalaiall j)JA 
jjkl Sj-a Jg ^a a Ai^ (jk LaJJa <jiaj ^1 JjIaj LJXaa jkl Jljaa ^Jj U Jxj JSaal ^a ,Jaxlaaaal La jjS J^ jl J-4^1 ^a .J^-uj 
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(jV ^bjjb jJUaIuj cAjJJLua AiLuuV) JjXJ LaJaC'J a Ai^ JLa£) jjld jj£ tiljj jJUaJ <jl Jj^AJ J^-uj J!j-uj ^Jl 

m£Jj t jjAJl J^Jl ^Laj) { J^> IjJli £)j$Z V Lajj ,m LkjJaj jj£I j^jIuj JIj^jJI <^d AjJLU! CjjjJaaJj jj SjJakil 

a jjji dlia£ La j-lu c^a]| lift £bjbj a Ai^ ^Jaluu jil JLjuj ^J) JUHjV) J^d ^Jdj2) <jjmu jlj^l £jlaluij JdSfl 

Jjjj j ^JabJail ^laSj <ji (Ai^aj c^J 
La£ a j^ a ^I Jo/ijlt caldj f 

ljxj^I] Jlj^uJL f -Ltl) t_jijluul <jl 

JxluoJ id JIIIjV! 

J^lk (^a JIaV! jmil 
Ja*JIj ^aJI ft>i (jlaaul 
(jl\ (JLual a AilikA j\Sk\ { Js^ j 

iil] (JA^J LJIjluiSfl I^A (j! 

L*£ , JIj^a j£ ^ JaxJI (jlaau jimi 
dliC'LuoJ bu^. AajS jj LJIjluij Aj) 
aUaV! Jiasull cjiVi ( J^> 
Ja 112 Au^jiJl ^Kiaj AjV ^^JaLaJl 
uijiuuVt IdA gji SJj^jJI a Lbj^ IaLajA! La bt *LuaLk AjaAIa JaIjxJI ddA j£ jIajjj m (jjo] CjIjjIaIa <ja AJLulaII 

^l^uu <il]j £)j£jj jl AjLdd] Ai^ ^ JJ3u]| JJ^AJ Jlj-uJ (JA Jim du^J <JJ3LA JjdJ JaJU (ji Llik. (ji ^A 

^■HVnt Jij^-Aj ^jiViaaII (jAJ <^d JaJl Ijlaj c-uuJj LgJj a Sj|j) S jdJ ^U^jd (jjjkbU Aouiilb LaS tt_£Ua]| (j^aaui AaubJb 
)Jja2 uijUxAil J/u/itt c-^uull j^Ia Cja1uu2) c-jjIujI ^aaj Laa ; jil ^Jtbojl ufl n c<jj-ujbj La^jl 2 a jil Jlj-uu ^J! 

^ n</ii ^12) dbjjVI (jLub c_j^Ua]| c-jLLL c^b^Vl (J^i ,£A^b Ij^LLa iil]3 ^jj£j Lajj a J^Jl tjKjj JaxJI 
AjI^J a c_j^Ua]| c-JiSf A^uuib AILula jaVI Jjaj V c)^J .(jIaja^I f Uj) jil Jlj-uJ AjC- ufllJ! j-uj J^ Jaj 
dJA lojI£ )j| La (jLdu J)Jj V bb£ Ijj (jSAj a ^ij (j\ fLuiP Aa^jJ uflLL^i jj^Vi ALjIa Sl^JaJ! ^Jxjj cjaVI 
jjlLuuj tjj mi m^£ j a ^jiAji JjUaa j^ vji i^jj^ cv ^i m a^uiUa aj^jii jiu^vi 

.(jLIaVI jjS A.kuajlt ialilSl j£ J^UlLuiI mip a dJLu^l <i iauiaj mij dbli cIJa^i 

£ 

ijbtjio^JI JLlo 6Ajiu>3 djjpl guLoJ 

jjauill fbjj ^jjjjjjjSJI J1a Aj iIjaj^ Jt ja ^ljjj Xua]| <ji ^SjbjC'l ^ ccliljLuiVI JjS ^jliJb ^jjjxdu ^jaa clu£ )j) 
fLuA^U jjjaJI jaVI (jSJ j .SJsla]! fk (jk ^jiabijlj ajUll cbLuaju ^jLuaj ;^)Ai£2l AJbkll d^A c^iuaTi j a( jliJb 

AJ Jj^a jj Ia u>uaj ^jjalj^VI dJA Iga ^jjj ^aJI AjjjSJ) jA 
a JjLill u^aj Ia jA ^jliib tffijb/aj uiul djauoij (jj a ^jjj^bll 
"Ijjjja ^yllx^j jbjiVI" (JA djj£ij ALjia Cj ijji La )jl£ 
Ljt (2 >aS 6 n jjb^fl Jij] ^JiAJ jbjiVI" 

^jjLasj ^jilj LA^lkll dJj^ jjii A^u/ii iilbA j .JxiJb dfbl 
^jJajj J^Lk qa dbjjVl uflij^a ^Aj cbljbj^Vi J^ (J^b 
Ik j tlgal& d^j jA^aj c^^kjluuA ^ba j mi3LA JxaI .(jaillSl 
^jLkU djJ-ua ^ilL Lajjj djj d j^jj .fifiJJ ( jja£- ( jj^uj 

£l JA^JI ^ jlij mid cliA ( JJA*J| jAiu.ll Isaj ^bjbj .JaaI jj£ 

.mLu^i mLj a ^jii]i aji^ ji*j jiJi jimmi ^ij^mij 

CIuajLa bid a jbj^Vl ^JJ jiiall (JJjaj A-ujjIaa ^d I^jj V (jkJJ 

j£ LaA iadd (j-b-bdJ jj ALdii cALLuuJ) JajLujVI ^ (J^jajJI |JA 

fbj| (JAdUlj (JJJAJ ^yd iil^lAdjj (JA mj J^UlAuid cA^b^J La 




68 





CjISjVI Jj-aJU Q^W (JjjjLaj <ji Ubk ,hibl ^j-4^ .AjSjj dlt^j j-aj jaLuaaJI (JJjaUI <ji j£Jjj a jLHVl 

a Cjljb£Vl ^1 AJ-LujVI A2jj ^luu Jjxub ^1]| A-A-wflJt.il 

( Lj jjjjA LUuJ g^uflu .L^ia U^u f£dlj a ^Jlx!l Jja SJjLuiVI Jbafil ^ CjIjUj^VI AjuIj ^jUaj Ujla^ 

^Uibj .Ljbj^ljLAil j£jj l^ijUjj JJjlLq <j^a jbHVl A-liu/l CaLI^I IjJflij oi L$J^Ua t t AjlaIa (jjiiUl SjHuuI 
jld£Vl QA jb£j Jg-u/l jW^lVl (^1 (J-A Wl^Uflil ^£lil La lijj a Vjt ^4-uiijU Aliy&l Ad^Vl L5^ L)^ 

^ \ j n% Lbjlui* clu£ JA c^jjjjbil jlbbVl (jbjbj LaJjJti Jjl^j ^ill Laj ;jA tAJj £jl£S 

djj^aw (j\S JA ?J.ia-a ^ibA ^il ?<ililSd^l ±A Sj&Lua ju l^jte ^1 JA ?<jjjjl£Jl ^lii .IALuuj Jjidl 

tiLaLal J-i^uu VJ Ac-Luj Aj dJj JbLdb Ajuiu V <-iijjlall oJA ?Aujljdl l_u£ j AjIaI ^jLaj 

m hj^\ J& £5lla5U 



^SAjILa \ jJ a jlltll jlb*a I J^l jj b)l rill ^ c (JILJjLuu Aju>Iaj Ajj^I ^,jkJl SjLLujI i£jj* jLa ^^ui) jjA Lai 

j^aVl ?ui3jdl llA j-a (j^Labuj lJla£ a djbjjobl ^iil (j^^Vill Auiljd Aj j^bVi ^iil ^ildll ^j).av,all Ijj&aj VI ^A 

U d£jb (jL L^lilu^ ^ *< a a \\ CjVIaaaVI 1 jJ JjabuII AJfll Lalki .VjAj U^a^Vi (j^abajj lj AJab 1 jjuia .Jowaj 

ctiluaij jjbl .Aldjj j^aVl (j-bl jbikVl ^Sj^llbl cAjili cJJj* jLa SJbuuVl bilbai La£ 

^loi! ^Ouflflbl ^]| Jj^flbil Cj^j ^1 ^ £jifllu/|J | AaOiJ AjIa) l^jiCr LJijL^Iuj ^1 AliuiVI L$S^ bua^ 

O^uflflbil ljIjj^VIj JbaSl jLuu f bVl ^-waj ^bibj t^Jiil QA o^Iiail t^Sj^Lub Aljjlflil .AjjHI 

.^wbl ^jliil J Af^il JEUI AjVJa daiflb£ \jf Ajuab. ^ CjbJabjJl Jllual t jLJuJIjj ljjj Lai .Ajjj^I ^iJl JjVl 
jlbiVl (j- 4 Liaju dLilj .d^Ua jJL^j Ajj jA AJjlL La JSd ^-udl jjfill Lai c jfll^il ji jjj jo£joil ^Luu AiflJl 
^1 ^b^luaj .IjJLuu djLa jii ua jAjlubl Jlj^il ;^)bLbVl ^jdl tAjil^ij Ajuj-uj SjIflJ ^1 a A,jil^,ill 

^Jbuua V bbli a ljb£ daAJ iaLbali ^C-b V lil .^JUil ^jdl A-LalSJl Cjjlubil jba jj ju£jHl jbaj AiUa 

^jwaj ^dl ^jdl ^ Sj£lldl ^ jao£ J-L ^Jfllub Uj L-bdb jJLub VJ .Oj^ljLa <ji Jjl£ Jb-al Sjbc> AiLuid 

fU jIj .dahlia j5jd AjJljj V Sjj-uflj cj'Va^ju du£ ji La£ LaLaj t^juda Jjl2 Jj dJj j^wu CjJ^jlLuaI La lJl£ a ^jbbbVl 
iJAj a dii£ ^ Lf-^ tA^j^</i dbj^j (jl j£iU (jl dlAJ ^Jaluu ub£ j£j!a <jl ddp t<jbbaVl (jiajb 

ALaLill Sjj-udl jjJaLa ^UVu*b dbj^l 4jls.\ja Jjbu uflij^fljj L)l tCjJtjfllujl LaH^j cdjfc <ji 

Lh Ajj^VI Ajl^Ij-gj AliuiVl ^1 A-jIa^U Aijla ^a jj£ 1 wJULSl i^jjj ?A-aSJaLa AjIaVI d^A JA ;dutij JLub bu^. 
cAjI^VI A*^ljjb (^J^l AijjJa iiLaLal ^aJ l3lj a dbj^l A^ufl ^a Jybklall A-ajA J AufljS dl jfijJ La^a A.41 aa^ Cjljjfeb 


(j^-uaa. ^ij a djLuijj La Jb jA ddp La j£ a A.la-wj-i j£LLa ^Laj ^jjjjuj WA^Uflil ^£il (ji j£Jjj c^jLubl d^lala Jju 
Ja. l-ajjjj (ji j£iJb jj,A^ a^ufl dbl^l <ji ^lA Jdj Jj AjjbuaJl ^jJa ^jbill Ljli^j Jjjllaj ^Ju c^jibl 

(jli c^LabU uilaJl (2>a dbj^j Ajl^I j-a jjjj La^I& Lai a < fllAll ^LaVl d-a Aliuibfl c_A^UaJl c-aI^U a lbajj ^lA jblbVl 

(jiaju a £lub! iJA ^ lli£j-a jXu f^ui V .j^l AJj^uuj fllfl^Vl di ^_a-uuj L)l AbLaj IAa^ Ijjlala d^a ^laj dij 

A-uSLa fbjj Qjj-adl qa Jlbu jIJjlLuuVL Lxa£ iJl Lai tjbj^Vl ^ ia^Jl d4ibu V IaIaj j£!Jj ^ Cjbuibdl 

,^illt 11 djlj^j t i/Lwa ia^Jl £jl .iVu^ cA-a£aj A^uuiJ jblbVl J-a LilaUj cd-uulj ^ A^LLa 
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:gj|jJI JLoiJI jrxJdo 

A a CajoiA CjI^u^uuIIj CjljlxluiVI (j\ USjC'j .(Jfcilt c-ul £a£>\ £ja (jd&ul J-aLui JjUj qa jJA ^ Infill 

cU j£Jj] (jjaJ JjjIaJl J-uaSj £)* SjV j Sjjj£ ljVI^ ^ajALLaI] 4ju*m j\ SjUluul fLuuj Jx j Cjj^. b La2 ljJVIJ £>i2b 
CfJ^U jyQ*^ 4 * 1 L>* La£ b J-uaSl jjaVl jLua 6 *Ujja]| ^LuajVl 4JLjia CjJ| j La 1£ j .cHi£ jj£i AJj^uu LgjbulmVj Jj 
(2)J**iVi jliab <j! U1 jJjj Cjj^ jjxj <ji 4 j&aj LJjliii jjjxj <ji Jjjj SjjIa ^ic- JjLVI Jl^lS 

j-a JbJl jA La£j ,4jwanti L£IaJ| d JA ^jVi<un jji&Ul Jxuj 4-uijLaa J^Lk j- 4 4j..waxlt L£taJl jjIjJ j-aj 4jbg> 
fcJalmj V dj| jjjVVI JjSj <^j]| fLuiVI J^jIaj J^Lk ^j- 4 jV L5 jujJL jiofij £)) tillLaj ijL^lS< jj*a)j jaIjIUui 

<il]jj CA\k La Ajl^,\ja <jjJ jLuV ^ J!j-uj jj ^Jjia c_aVj JLaJ) Jv*Ti LaJjC« 4 jI LJjbjC-! ^ j-uaj ,l^,Uc> 

jjlaia j- 4 411x2 La jj ^j Jjbu 4-mliij tiljA J jaftlbi ufl3 jjj yi b 4jLa j-a fIjV ^UVu *it jj^2jj j^xLJo£ ufl jj^jj 
J^L k j-aj .JalS JV j jj£ij ixAJ L^j]) Cliluajj gJUUl S JjIjJ) 4Sj]| gAjj J3 j .V ffifau <jl£ t Jj La ^jj] JjauuI 

j-a! jLull (ji aj! .LIjA J U Jj£- Jj-ui AJaili) JJV <ji 4Jj^uu jJaluuj cf liJ-uaVI J-a d j£|1aI2 CjS ji) jiaxj 

c4^l j^ f Ij^lj JjS jS ^jjxaIjj La^ fUIaVIJ jjjjj^JI jjjUW! JxL La£ ULajj jIa 

Lai b Sjjj£ 4jlu*jj t^WUi j^aj2 j-a Jjjj jj l^JLui j- 4 ^ ^ jLu^^U jj^Vlb 4^Wl ^Vll 4 aj12 jaIjj ji LLI& 
^Iaj jj 1^ ^aj°i t 4j^uuij Allu^bU JliLVI ^j 4jx^]| 4liuuS?b f Jj]| lj ijluulS c4j^jJj 2| cUlxi ijjII 4-ui£U-a1| CjU^jjIjIujVI 
,SjJulj-ai) ^j^Sfl 4liuuVI Lu^aiA L1 jj£jj jl£ j] ^j^ cljxj^VI CjLjJ^jII cjUMI 4^jilj 
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jbLLaVI iJA M ixaj j-a LljoSij AJ&jjL CjjjC- La |jjj B( jjliJl ^luaj dj AjjLlajSJI j|j-aJ) dJ^J (Aajm^ AjIVujI 4-a^jj 
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j] c4^a^ua LIjjL^! jb JJjxj Cjjjkj tilfip Lk'J2j b J j-ajbl£ LljJ^ua ^IlIjjj ^jl^IJ LIjVj tiSjj jj Aau B fJajj 

4xVj-a Jjbu ^aj c ji>\ LlAbjj! JjVj aillju (J^ajj jj cULaa Ll]j jl£ bu2j jj jJA ^^jxjj ,Ll]j£ 

jJa3| ^aJC- j^iS djj^ij ?4jikla AjL^VI d^A JA tiuiij ^jlal b JaLui jjlala J^Lk ^a 

b 1^j CLl a2 ljIjj^V dJjli ^xL J2 jLV-aVl (Jfuu ^Ul 4LUI ^ ^,jUl qa ^ISJl 
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